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Abstract. 
Part 1. The ecology of Ixocles trianguliceps Birulav 1895- 
Ixodes trianguliceps and its small mammal hosts have previously 
been proposed as serving an occult reservoir role in the cycling of 
Loupine-ill virus. The tick was collected from three host species: 
11. glareolusq M. agrestis and A. sylvaticus. The main study area 
was at Balerno, Ididlothian where it was the only species of 'tick 
recovered. Regular collections were made from July 1974 until 
Augufft 1976. 
C. glareolus had the greatest rrequency of parasitised hosts and 
the heaviest burdens; the males were more heavily burdened than the. 
females. Such sex preference was not found for the other hosts. 
Larvae infest the hostý throughout the year, burdens being max in 
June and minimal in July, a second, much lower, peak occurs in October. 
Females are active from early spring and nymphs from late spring until 
autumn. The ear pinna is the area of the body most heavily infested 
by larvae and nymphs, particularly the inner surface with voles and 
the outer surface with the mouse. While larvae are averdispersed on 
all three species of host, nymphs and females are overdispersed on 
glareolus only, and this host alone of the three maintains the 
instars in appropriate numbers and proportions to qualify it as an 
independent maintenance host. While C. glareolus could maintain the 
tick population, 11. agrestis and A. sylvaticus could not and may even 
be deleterious to the tick population. 
Larvae have a pre-feeding diapause while attached to the host from 
December until February. There is no evidence that larvae are active 
during winter as reported by other workers. Diapause is abandoned 
when infested hosts are brought into the laboratory and engbrý6memt 
to repletion is slower on all three hosts than it is during the rest 
of the year. At any time of the year larvae take longer to feed on 
A. - 871vaticus than on the voles. 
only 9% of field captured larvae completed development and it is 
proposed that the majority of engorged larvae enter a pre-developmental 
diapause. Similar conclusions are reached for nymphs andlemales. 
For larvae and nymphs which develop at constant temperature without 
manifest dispause delays the relationship between incubation temperature 
and developmental velocity is linear and direct, 
Part 2. Prevalence of Louping-ill in northern Scottish cattle., 
In a survey of cattle in the northern counties and inner islands 
of the west coast of Scotland, 4529 sera were tested for immunoglobulin 
G to Louping-ilIq using antigen derived from Louping-ill strain 31 
The incidence of antisera in herds 
&reases 
from the west of the 
country to the east. In a stable herd structure there is a significantt 
steady increase in antibody with age. It is suggested, that cattle are 
useful indicators of Louping-ill, but their role in maintenance of the 
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The viork rerorted on heme was undertaken as 1ýart of a wider project 
on the epidemiology of the virus diseaset louping-ill. Earlier work''on 
this subject has been reviewed by Gordcnj Brownlee, Wilson ard Miacleod 
(1962), who were the principal pioneers in the study of the disease, 
Macleod (1562) and Varma (15,64). 'In summary, Hoogstra. al (15,66) 
-111 virus appears to be between concludes "The chief cycle of Louring-. 
sheep ard 1. ricinus". Several considerations leave room, a rrio=i 
to doubt this conclusion. Its occurrence in cattle and horses among 
domestic animals is referred to by Hoogstraal himself. Among feral 
animals, Munn (15,60) has studied the red deer, Cervus elarrhus, and 
Smith, Varma and 'McMahar (ic64) have recorded tl. -. e recovery of the 
virus from roderts ard shrews. This last firding assumes particulF. r 
interest in view of Havlik's 0954) observation that fluctuations in 
rodert rorulaticns affect the epidemiology of Central Furor. ean Tick- 
borne encerhalitis a closely related virus in Czechoslovakia. it 
thus becomes conceivable that althouZh the sheep - . 
1. ricirus cycle 
cay predominate in the natural maintenance of the virus other cycles 
may occur which serve an occult reservoir role. ! The rost obvious of 
such rotential cy cles is the widespread rodent association with the 
tick Ixodes triarE21iceps. 
This work bee-an as a study of the inter-relationshils of feral 
small mamrals and their ticks in Scotland with the intention of 
establishing laboratory cultures of the ticks for exrerimental work 
on virus transmission. I. triarrulicers proved a reluctant subject 
in the laboratory and the intention of laboratory culture was wholly 
frustrated. 'revertheless, the ecological study of the tick was p,, ursued, 
and the results are presented in Part 1 of this thesis. 
Opportunity occurred to survey the distribution of louping-ill 
antisera. in a series of large sarnrles of cattle-sera which became 
available in the laboratory from an independent concurrent study of 
babesiasis in Scottish cattle (Blewett ard Adam (1978 A ard B) and 
Adam and Blewett (1978'j The results of this survey are preserted 
in Part 2 which follows. 
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Contributions to the epidemiology of Louping-ill. 
Part i 
The ecology of Ixodes. trianmliceps Birula, 1895# 




Txodes triarruliners Birula, 18105, is the only known European 
representative of the sub Cenus Exoralriper Schulze, 1935. It has 
been variously described and named, I. teruirostris Neumanny 19C1 
I. rivalis Rondelli, 1026 and Endoralriprer heroldi (P. Schulze, 1.043) 
Filir, ova (1957). Its distribution extends across Europe-(Lachmajer 
(ic62), Lichard (1565), I-Torel (1065), Aeschlimanp (157C) and Ulmanen 
(1972)) and into Asian U. S. S. R. (Korenberg and Lebedeva (1969)) and 
is closely associated with woodland where the soil remains moist, 
becoming neither waterlogCed nor too dry (Lachmajer- ic62). VIý 
I. triarýý_licers appears to be restricted in Britain to small 
burrowing rodents and insectivores. It will feed in all instars on 
ys -Flareolus), 
field vole* (1,11icrotus aRTestis) the bank vole (Clethrionom- 
The common shrew (Sorex arareus) and woodmouse (Arodemus svlvaticus 
and pygmy shrew (Sorex minutus) both feed larvae and nymphsp but the 
common shrew is rarely reported to feed the female tick (lachmajerv 1962; 
Randolph, 1975 B). The harvest mouse (Micromys mirutus) feeds larvae 
and females (Randolrh 1975 B) but nymlhs have not, yet been found. 
Arthur (1563) adds as hostsq 'Arvicola rratersis', Arvicola amrhibius 
var ater, Rattus rattus, Rattus norveg-icus. Mus musculus and Talra 
euroraea. 
On cortinertal Eurasia, this tick has a much wider host range, 
(U. S. S. R: Vysotskaya (1? 51)t Korerberg and Lebedeva (19603), Katelina 
(1960), -, Ilikitina (1960); Europe : Lachmajer (1962), Lichard (1965)9 
Lutta (1968), Aeschlimarn (10,70) and Ulmanen (1972) ), althouEh not 
all hosts are known to have had the instars attached, and some are 
predators of small burrowing mammals and therefore in direct contact 
with the tick. 
With the exception of Randolph (1975 B) there is general agreement 
that C. 
_PJqreolul plays an important role in the mairtainance of Ixodes 
triar. vulicers, Randolph considers its survival dependent on 4 other 
4- 
srecies ard concludes that in Sussex, England ". 2. z1areolus would 
arrear to be rather more incidental" as a host. 
There is broad agreemert on the seasonal distribution of the 
instars ard expecially so for nym-, hs which have only ore record of winter 
activity (Ulmaren, 19.72). Females share the srrirE,: to autumn activity 
riod of the nymphs but Randolrh (15175 A) found single females encorgirr 
in 1ecember ard January, and Mmanen (1,072) found the femalps active in 
winter. The extersion of larval activity into winter is gererally 
accert. ed and has led to the rroposal that "I. triarpmlicers may take over 
the role of carrier of infections among mammals from ticks remaining in 
diarause durinE this periodý [autumn and winter]"(Lachmajerg 1962)o It 
will be argued below that during winter larvae are not actively encore-irg 
on hosts but are indeed also in diapause. Lachmajer's observation of 
apparent activity in winter leads her to conclude this is "evidence of 
their adaption to very low temperatures", and Korenberg and Lebedeval 
(1969) state that it is 11apperently one of the most 'cold-resistant' 
species of the genus Ixodes". Certainly the distribution of this tick 
covers regions which have climates hersh in the extreme; to latitude 
602. B00 7 431 north in Finland (Ulmanen 1972) and to altitudes of 4. &20 metres "i r_ave, 4.5t4,5 Pý^ P. IAZA., nAo in 144gie-I&I9A -=-13 Qq-q 
(Aaq 
14. L. A. M_4 
14 &I 'i I 
E, 
In these regions temperatures rise 
to more equitable levels in sumirer - albeit for th. eir relatively short 
summer seasons, but I. triarrulicers has not been shown carable of with- 
starding extended periods of low temperatures. It has a rival 
perhaps in 1. Rrise, which survives the rieours of Baffinland and the 
sub-artarctic where tem-, eratures may have iraxima of less than 100C, and 
extended reriods of very low temreratures during the long winters. 
The exact location o. I. triarrulicers when it is off the host is 
still 'unknown. Arthur (1963) found males only in rests and burrowsland 
from his study of its hyrostomal dentition concluded that mating must 
take place off the host. Cotton ard Watts (1C, 67) examined "many 
hundreds Of nests" finding there both males and rymphs and have introduced 
the concept of nidicoly to the literature on this tick. This is not 
unwarranted but probably premature. This concert is discussed below ana 
nidicoly discounted, the tick being once more relegated to the burrows. 
Life-cycles are rzoposed by Cotton and"Watts (1967) and Randolph (1975 A) but they are founded on a rrofound lack of know-ledge about the 
5 
time relations of the AC 4 stadia. Little is knovm of this aspect 
of the bioloE7j in the field and even in laboratory conditions only an 
exceptional few ticks will complete developments Until this develop- 
procured on the behaviour of mental hurdle can be cleared ard some data - 
the majority of the porulationt life-cycles will do little beyond 11 
reflectin, - our presert lack of knowledge rather than be a basis for 
hyTotheses. 
6 
The trapping sites. 
Balernop Midlothian (Mlap 1). 
2. 
The two sitesv Goodtrees (Map, 2) and Cock burn (T-Tap2) lie at an 
MI -? Ws 
altitude of 650-7CO feet (5F4-64E) metres). Underlying rocks are of 
the Scottish calciferous sandstone series (Lower Carboniferous) covered 
by glacial drift of boulder till overlayed by clay. Mear monthlv W 
rainfall varied between 8&2 mm (recember 1975) and 126.1 mm (September 
1975). Year monthly air temperature reached a maximum of 21.7 
0 
(August 1975) and a minimum of 0.60C (Ilarch 15175)ý 
Both sites are in wooded shelter belts aprroximately 30 yards (28 
metres) wide, which protect the flat cultivated fields of 10 acres oý % t: ýI (4 hectares) or more on each side from the prevailing windsr. The 
4' 
countryside in this area has a network of these stripwoods more or less 
interccr. rected, some of which in addition to their protective role are 
managed as a timber crop, as were those used in this study. 
Hardwoods predominate at the Goodtrees site, sycamore (Acer sp. 
beech (Fa. fyus sylvatica), elm (Ulmus glabra) and ash (Fraxinus excelsior) 
with srall stands and individuals of spruce (Abie sp. and individual 
larch (Larix euroraeus) and Scot's pine (Finus s-ý71vestris). At a lovier 
level of the cano. ryq rowan (Pyrus aucuraria) and oak (ý. uercus sessiliflora) 
predominate with a few alder (Alrus rotundifolis) and birches (Betula. spp. ). 
Brambles (Rubus spp. ) and wild rose (Rosa sp) form a lower screen which 
in wetter parts is replaced by Phragnites communis. The ground cover is 
of grasses ApTorvron rerers, A. canirum, 'Milium effusum, Ar-rostis 
teruls, A. stolonifera, A. caninum sub species montara, Arrhenatherum 
elatusp Anthoxanthum odoratuTn. Helictotrichon sN Holcus r. ollis, 
H. laratus, Loa s?. t I)actylis plomerata and Ieschamrsia sp., with &Toups 
of nettles TTrtiba, srp. and according to season the more trRnsitory 
dicotyledons. 
The Cock burn site (Map 
I 
has a similar flora. Amontr the trees Q 
the proport0ion of conifersp mainly srruce, is greater. n S, Along the burn- 
side the variety of dicotyledonous riants is Creater but this Was not a 
habitat falloured by the voles and mice. 
1 Meteorological Off ice Climatological services (Scotland) , Edinburgh. Data collected at Turnhouseq approximatelY 4 km NW from Balerno. 





Bush estate site. 
Balerno 
Stripwood at Goodtrees site. 
. 
;; Balerno 
Goodtrees trap site. 
Platel. Trapping sites in Midlothian. Bush and Balerno. 
I 
j 
Stripwood at Cock burn site. 
Cock burn traT) site in summer. 
Cock burn trap site in winter 
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MaD 3. Balerno, Goodtrees trapping site. 
7 
Bush estate, Midlothian (Yar 1). 
The estate is on the eastern side of the Pentland -1-Hills almost due "t S 
east from the sites at Balerno and at the same altitude (650feetlAL, + metres)o 
The trap site (IMar, 4) waa a former clearing of aprroximately one acre (0-4 
-o regenerate naturally over a reriod of hectare) which had been allowed Cp6" r- I-) 
10 yearS7. A few of the lp-rSer trees had been srared, elm (Ulmus plabra) 
and beech (Fam)s sylvatica) and between them bi=ch (13etula sp. ) was 
becoming established alon, ý-, with young oak 
(Cuercus sessiliflora) and small 
conifers. Below this level were rhodedendrons, bramble bushes (Rubus sr. ) 
wild roses (Rosa sr. ) and nettles (TJ=tica sppý. Large areas of cleared 
ground were carreted with coarse grasses including Holcus mollis and 
H. laratus, Anthoxanthum odoratum and A! 7rostis canina with patches of 
Deschamrsia flexuosa. 
Tay, nuilt, Ar_, cyll (M-a-, 5). 
(01 
This trap site was in a forest, and lies between 2CO and 250 feet 
(iý-and 4ULmetres) above Loch Etive on the lower slores of Ben Cruachan. 
The rlantation is of spruce (Abies sr, ) and larch (Larix euroraeus) which 
were 5 years old growinE; on former hill rasture which had been free of 
domestic animals for approximately 8 years. Fear one of the trap Grids 
a stand of half a dozen majestic ScotIs pines (Pinus sylvestris) were the 
last remnants of the previous sylva. The ground cover between the trees 
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Map 6. Taynuilt, forest trapping site. 
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Hosts. 
Ticks were collected from 3 smecies of rodents: 
Clethxionomý .; glareolus 
(Schxeber); ILicrotus at=estis (Linnaeus) 
and Apodemus sylvaticus (Linnaeus). Other small mammals were 
occasionally captured: Sorex araneus Linnaeus and Sorex minutus 
Linnaeus, but neither was obtained in sufficiently large numbers 
to be included in the results. 
Trapping routine. 
To ensure the maximum trapping efficiency on each site, the 
best trapping points were found and markedq these were then u'sed 
repeatedly. 
Longworth traps (Chittyq D. and Kempson, D. A. 0949) were 
provided with hay and grain in the nest box ard baited with a few 
grains of cereal spread within"the tunnel and around its entrance. 
Traps were set to operate with a treadle pressure of 10 grams: 
less than the weight of Sorex minutus, the lightest of the mature 
hosts expected. Where a trap might be exposed to draughts or 
direct dunlight, insulation was provided by a covering of grass or 
bracken. 
Traps were set 
, 
in the forenoon and visited at 24 hour intervals 
to retrieve captive animals. Occupied or accidentally sprung traps 
were serviced as required before being reset. 
To avoid overtrapping any site, only one trap was set at each 
trap-point and for a maximum of two consecutive days; the site 
was then left undisturbed for at le2st two weeks. 
Handling of animals. 
Removal from traps. 
To cause animals the minimum of disturbance and so avoid loss 
of engorged ticks during r6trieval, traps were first emptied into 
a transparent -plastic bag. The captive animal was then easily 
immobilised by firmly gTip-pinj it by the slack skin along its back. 
9 
After identification and sexing of the host, engorged ticks were 
located and noted in case any should detach during transportation. 
Animals were then isolated in a numberedg dark compartment of a 
travelling box, each compartment of which had a thin layer of fine 
wood shavings which could easily be picked through to recover a 
detached tick. 
Animals which were obviously near parturition were immediately 
released to help maintain the population. 
Isolation of hosts. 
To prevent cross-izifestation, animals were kept in isolation 
from the time of capture until they were released. In the labor- 
atory, animals were confined to a quarantine room (9' x 9')v 
maintained at approximately 21 0C in a 12 hour light: 12 hour dark 
regime, and housed in polypropylene mouse cages 
% 
modified as shown 
in Plate which were shaded from an overhead 2X40 watt striplight. 
Food (Spratts lab diet 1) was provided in excess of the animals 
daily requirements, and drinking water was constantly available from 
water bottles fitted with melamine nozzlee and renewed daily. 
A record card was attached to each cage giving the date of 
capture; registration number; srecies and stage of de-relopment; 
trap point numbers; stage of engorgment and development of ticks 
during captivit-yand any information concerning the captive's welfare. 
Type b119 Manufactured by North Kent Plastic Cages Ltd. 
Dartford. Kent. 
TICKS. 
Location of ticks-on host. 
On its removal from a trap, each animal was inspected to 
locate engorged ticks which might detach before reaching the labor- C) 
atory. Fully engorged females were, easily visible. in. the fur, 
while engorged nymphs and larvae were located visually only when on 
the ear pinnae. Tactile examination located engorged nymphs on the 
rest of the body. Engorged ticks which detached during transport- 
ation were included in the collections of the first 24 hours. 
Before being allocated a cage, the ears of one group of voles 
and mice were inspected in good light, under magnification, to 
locate attached larvae and nymphs; their point of attachment, 
life-stage and degree of engorgement were noted on the host's record 
card. The pro6=ess of each attached tick was then followed daily 
until detachment. A 
Just prior to release, all caged animals were inspected to 
ensure that they were tick-free. 
Collection of ticks from cages. 
Larvae and nymphs were collected daily from the water tank Crorre 
beneath each cageA 
5ýnspection 
of the water was made in good lightp 
under magnification and continued for a minimum of 30 seconds, or 
for 30 seconds after a tick had been removed from the tank. Any 
ticks concealed on the ledge supporting the grid floor of the cage 
were flushed into the water tank by routine application of a fine 
jet of water directed onto the side of the cage. The inspection 
routine was then reapplied to the water tank. Ticks were picked 
from the water with an 1001 size sable paint brush and passed through 
two petri dishes of tap-water at room temperature before being dried 
by placing for a few seconds onto a sheet of filter paper; they were 
then assigned to glass storage tubes. 
A. ) 
When a female tick reached the final stage of engorgementZý the 
host was transferred to a cage which had a double grid floor, the 
upper grid being large enough to allow all ticks to pass thrOughp 
the lower allowing the passage of all but engorged females. In this 
way female ticks were safe from predation by their former host, and 
10 
Plate', ý. Modified cage stack showing showing base grid 





a. ) 4) 
II 
from immersion. Engorged females were washed and dried in the 
same manner as 12rvae and nymrhs before being placed in a numbered 
storage tube. 
Storage of engorged ticks. 
All ticks except engorged females were stored in glass tubesy 
4cm x 1cm, with a maximum of 10 larvae, 3 nymphs or 1 unengorged 
adult per tube; engorged females were stored individually in 
polystyrene tubes, 6cm x 1.8cm. Each tube was lined below the 
plug with filter paper (71hatman) forZ/-i of its circumference; 
this liner s. erved the dual purpose of preventing the formation of 
free water from condensation within the tube, and carrying the 
pencilled tube-number on its outer surface. Tubes were plugged 
with a loose twist of non-absorbent cotton wool. The larger tubes 
were stored horizontally while the smaller were kept vertical and 
held in groups of 11 around a central boss (6cm x 1.8cm polystyrene 
tube) by a rubber band: a group of tubes could then be handled by 
the projecting boss, so reducing temperature changes which would 
result from direct handling. Tubes were stored on the oren base of 
a 9cm di2meter Petri dish in a screw-topped, 21b sweet jar; the 
air was kept saturated by a moat of water around the Petri dish. 
Prepared jars, whether or not they contained ticks, were stored in 
incubators and maintaired within a range of + 2C 0 of the designated 
temperatures; a daily check was made from thermometersp recording 
minimum and maximum temperatures, kept among the storage jars. 
Inspection of engorged ticks. 
were Routine. inspections of all stored ticksAmade under magnificationt 
in good lightp and results and treatments recorded. Ticks were kept 
in their plugged tubes during all inspectionsp being removed only 
when they required a clean tube; such transfers were made as soon as 
fungus was seen within the tube. Storage units of 11 tubes were 
removed from their jar only long enough for the inspection. While 
away from its incubator each storage jar was kept in a close fitting 
insulated box made from expanded polystyrene. As soon as their contents 
had been ins-ectedt storage jars were returned to the incubators@ 
1 
SECTION II RESULTS. 
Field sampling data. 
Table 1 presents gross data and Table 2 details the tick 
porulation components obtained from routineq weekly trapring at 
Balerno, Ilidlothian from July 1974 to August 1976, of three small 
mammal srecies: the voles, Clethrionomy glareolus (Schreber) and 
Microtus agTes-tis (Linnaeus), and the wood mousev Arodemus sylvaticus 
(Linnaeus) ('PLR-M'5)- 
Of 875 animals taken alive from the traps and examined for ticks, 
397 were C. glareolus, t4e most frequently trapped of the three 
species; ferar A. sylvaticus (320) were captured ard of the least 
nume-rous species,. Ll. apTesti , 158 animals were examined. 
Ixodes trianguliceps (Birulasl895) was the only species of tick 
recovered from these animals, but it fed on each of the small mammal 
species in all three of the irstars. 
The host with the greatest frequency of. parasitised animals was 
Elareolus, 67ý, of which had tick burders at capture; this was 
almost twice as great as the proportion of parasitised animals in 
the two other host species, E. agresti (2elc) and A. sylvaticus (30c). 
TABLE 1 Trapping record for small mamnal hosts of 
Ixodes tri2nguliceps. 
Site :,, Balerno. 
Time period : JulY 1974 to August 1976. 
Host Number of anirals Percentage 
With tick of animals 
Examined burden Tick-free infested 
Cleth-rionom: ýs . glarecýs 397 267 130 67 
Microtus agTestis 158 44 114 28 
Apodemus sylvaticus 320 110 210 34 









po 7ed vi fi t 0; #AIATOATE 
Apodern-us sylvaticus 
Plate 5. '-T-'he host species. 
TABLE 2 Record of Larvae, ITymphs and Females of Ixodes 
trianguliceps attached to three host species. 
Number of ticks Total 





820 208 44 1072 
LI. T. agresti 82 11 14 107 
A. svlvaticus 223 17 18 258 




L IT F 
76-5 101-4 4.1 
76.6 10.3 13.1 
e6-4 6.6 7.0 
78.3 16.4 5.3 
13 
The frequencies of r2rasitised anivals are comrared 
st2tistically in Table 3. 
TABLE 3 proportion of infested animals. 
Yumber of aniZ. 21S 2. 
Hosts With tick- Tick-free p 
comrared burden 
2.. glareolus 267 130 
A. svlvaticus 110 210 76.8* 4C. C05 
C. glare6lus 267 130 
IT. arrestis 44 114 71.2* 40-005 
A. sylvaticus 110 210 
M. arrestis 44 114 2. o6 > 0. lCO 
* I= xx value is significant at the Y/ý level of probability. 
This confirms that C. glareolus has a significantly greater 
frequency of individuals parasitised by I. t=largulicers than have 
either M. 2gTesti (P< 0.005) or A. sYlvaticus (P4 C. C05)- 
However, if this conclusion is to be accepted as a valid orep 
it has to be shown that the samples from the host populations are 
indeed comrarable and that the composition of the samples is not 
unacceptably biased. 
The ratio of cales to females (see Table 4) does not differ 
from rarity (Pý, -0.100) for any of the host population samples. 
TABLE 4 Comparison-of the proportions of each sex in 
the host population samýples. 
Number Total Number of 
Hosts Sex of number animals of 
Animals of each sex 2 Animals expected =(O-E P 
(E. n (0) E 
C. Elareolus M. 202 
F. 1.95 . 




F. 00 156 79.0 1.53 >0.100 
A. sylvaticus I. J. 68 
F. 152 32Q 160.0 0.40 ; P0.500 
M. - male 
F. female 
14 
Grouping of the data for the sexes is, thereforev acceptable 
since it-is unlikely that sex differences will present a source of 
biased Vari2tion in Tarasite burdens between the species. 
The distiibution of ticks between the sexes of the hosts must 
be considered, however, so that the role of each sex in tick-feeding 
may be, determined. Table 5 presents the ratio of yarasitised 
males and fecales for each host species. 
TABLE 5: Proportions of animals parasitised and tick-free. 
f Number of. animals 
Host Sex With tick- tick-free Total p 
burden 
C. Ilareolus It. 14e, 54 202 
119 76 1.015 
6.75* 40-010 
M. Agrestis M. 18 50 68 
F, 26 64 0C) .0 
0.11 0- 500 
A. sylvaticus M. 56 112 16s 
54 08 152 0.17 -'0-500 
M. = male 
F. =f enale 
The difference in the proportions of animals of each sex 
parasitised by ticks is within sampling error for M. ap. Testis 
(P> 0-500) and A. s'vlvaticus (P> 0-5CO)q but'for C. glareolus 
a significantly greater proportion of males than females (P40-010) 
carry ticks, 
15 
Turning now to the infested animals of each species. (Table 
TABLE 6: Ticks per infested hOBt. 
Yumbo! r of N=ber Number of 
Host infested of ticks per 
animals ticks infested 
animal 
z1areolus 267 1072 4.0 
M.. agrestis 44 107 2.4 




contributed not only more hosts (267) than 
M. a*grestis (44) and A. sylvaticus (110), but in addition the 
mean infestation of C. glareolu is greater (4-0 ticks per infested 
host) than either M. agrestis (2-4 ticks per infested host) or 
A. sylvaticus (2-3 ticks per infested host). This conforms to the 
pattern of infestations seen when all animals in the sample were 
considered (Table 1). 
Although the seasonal distribution of the ticks and their hosts 
will be dealt with in detail below it is advantageous to point out 
here that infestation levels differing with season are not themselves 
a source of the difference between the species. 
Seasonal distributions of the three host species are given in 
Figure 1 which summates the numbers of captured animals over the 
trapping period from July 1974 to August 1976. 
A greater number of C, glareolus than A. sylvaticus were 
captured each month from February to August. During the rest of 
the year A. sylvaticus was numerically greater. In each month 
except February consistently fewer M. agresti than C. glareolus 
were caught, and with the few ticks collected from M. agrestis and 
the resulting samrlirg errorsy-this host will not be treated further 














o C. glareolus 
0A- sylvaticus 
a M. agrestis 
*Total 
Figure 1. Number of hosts each month. 













Pigure 2. Mean number of ticks per nost.. 
(Composite graph from data of 1974 - 1976). 
Month 
16 
The numbers of infested, and tick-free animals of C. glareOlus 
and A. sylvaticus are given for three-monthly periods of the 
composite year in Table 7. Although the sample of C. glareolus is 
numerically greater than A. sylvaticus during the two seasons from 
March to August only, it has in each season a significantly greater 
proportion of infested animals (P< O-OC5)- I 
TABLE 7 Seasonal distribution of infested Clethrionomys 
-zlareolus and Apodemus sylvaticus . 
C glareolus A. svlvaticus 
No. ', of animals 
' 
No. of animals 2. 
Season With Tick- With Tick- Totals 
ticks free total ticks free total comyared P 
Dec - Feb 35 11 46 22 37 59 A 15-7* '-0-005, 
Mar - May 49 12 61 5 19 24 A 26-3* -(O-OC5 
Jun - Aug 86 43 131 14 44 58 _C 
A 30-0* <0-005 
Sep - Nov 64 159 95 60 0 
110 179 A 15.2* '-0-005 
Only in autumn does the proportion of infested C. glareolus 
differ significantly from the winter level (P <0.050) (Table 8). 
TABLE 8 Comparisori by season of the number of hosts infested. 
C'ý. glaxeol A. sylvaticus 
Number. of 'Number of 
animals + animals + 
With Tick-' With Tick- 
Season' ticks free P ticks free P 
Dec - Feb, 35 11 22 37 
Mar - May -49 12 0.28 )-0.500 5 19 2.10 *PO, 100 
Jun - Aug 88 43 1.26 >0.250 14 44 2.37 : 0,0.1CO 
Sep - Nov 95 64 4.10*<0.050 69 '110 0.03 : -, 0.750 
+ each season is compared with the results for winter. 
The proportioh of A. sylvaticus infested does not differ 
significantly in any season from th2t of winter (P >O. lCO)* 
1.7 
Larvae infest the hosts throughout the year (Fig. 2), and, most 
strikingly, after increasing to the higher peak of infestation (3-5 
larvae per host) in June drop to a minimum for the year in Julyp 
C> (ýPlarvae per host) even in the presence of increasing numbers of 
hosts. ' From August the larvae again become increasingly numerous 
on the h osts until the lower peak is reached in October (1-7 larvae 
per host). The peak of larval parasitism in June and minimum in 
July is common to C. glareolus and A. sylvaticus (Fig. 3). 
Nymphal infestation also reaches a peak in June on both hosts 
(Fig. 4),. býit while this is minimal by July on A. sylvaticus, 
burdens on b. 'glareolus decline progressively until November. From 
November until March the hosts are wholly free of attached nymphs. 
The pattern of infestation by female ticks resembles that of the 
nymphsl. but they reach a pe2k later in the year: in July on 
C. glareo lus and in September on A. sylvaticus, (Fig- 5)- No females 
were seen on the hosts after October, and although there were a few 
individuals from March onwards on M. agrestis, infestation of 
glareolus was delayed until June, and until August on A. sylvaticus. 
A prior there is no reason to suspect that under the same 
environmental conditionsp'if these host species each maintain a 
seperate population of ticks, there will be a very different seasonal 
pattern of parasitisation. 
The distribution of infestation levels for each irstar (Table 9) 
are compared with Poisson distributions 
i having the same means (Tables 
10a - c). Larvae are overdistributed on all three species of host 
(Table''11)'. On C. glareolus, nymphs and females are also over- 
distributed. '. The infestation levels for nymphs on M. agrestis and 
sylvaticus are too low to allow proper application of the test 
(the third and later classes are too small to allow the use of'%I 
This featuie alone distinguishes the distributions on these two 
species from'ýthat on C. glareolus. Although the distribution of 
nymphs on Ms' agrestis and As sylvaticus cannot be properly tested, 
inspection of the constituent classes of infestation reveals that 
there is no significant deviation from the expected numbers in the 
first two classes for M. agrestis (7ý for class zero . 0.02. and for 























Pigure 5. Composite monthly mean females per host. C] A. sylvaticus 
1974 - 76.4, Wagrestis 
t 
TABLE 9t Frequency distribution of ticks on hosts. 
LARVAE IFYMPHS MIALES 
Ntimb'er- 
m 
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3 23 3 12 9 2 2 
4 28 7 4 1 1 1 
5 7 2 2 
6 4 5 2 
7 93 1 
8 3* 1 
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TABLE 11 Summary; comparison of observed distributions of 
infestation levels with Poisson distributions. 
Results of X tests. 
Host Larvae Nymphs Females 
Clethrionomy 689 149 32 
glareolup d. f. 6 3 1 
P <0.005 -40-005 <0.005 
Microtus 32 - - 
agrestis d. f. 2 0 0 
P 40-005 - d. f-0 - =4 
Apodemus L % 212 - -d. f-1 P40-005 
sylvaticus d. f. 3 0 0 
T <0.005 - - 
is 
class 1=0.85) and it is considered probable that nymphs on this 
species do'not deviate significantly from random. On A. sylvaticusp 
however, the values are for class zerov^4 0.13 and for class 1, 
4.9,.. thus being strongly suggestive of a non-random distribution. 
I Nevertheless, the bulk of the weight of the deviation is due to the' 
occurrence of 4 individuals which between them carried 10 ticks. 
I The removal of two of these reduces the %; values to 0.014 for class 
zero and to 0.024 for class 1*- 
tail of two individuals out of 231 
We have here a situation where a 
(. 4 1%) produces the main weight 
of the 4eviation. from random in contrast to the 44 individuals out 
of 318 (13*6%) which produce the deviation from random in C. glareolus. 
This is considered to be strongly-suggestive of a random dispersal 
in A. sylvaticus as well as in M. agrestis. 
In the above*estimates for nymphs and adults the figures are for 
animals captured only in the months when these stadia were activeg 
whereas for larvae winter samples are also included. 
rhen the same two individuals are discarded from the analysis 
of the joint data for A. sylvaticus and IL. agrestis as in Table lObt 
the figures become/% ý-0-095, IT - 337 and the observed and Poisson 
expected classes are 
Observed Expected 
Class 0 319 315-7 0.03 
1 14 20.61 2.12 
24 0969 - 
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Engorgement of larvae. 
I During the period December 1975 to August 1976 the state of. 
engorgement of larvae-was ascertained on the day of capture: the 
results are shown in Table 12. 
During December and January, all 70 of the larvae which had 
their mouthparts embedded in the ear pinnae were in a flaty 
unengorged condition. For the rest of this period, until, Augustv 
larvae, at various stages of engorgement were also present on the 
hosts. 
Prom winter when, in December and January, none of the attached 
larvae were engorging at capture, the proportions of engorging larvae 
increased significantly through spring to summer, (Table 12). 
These data were collected over a limited period onlyq for the 
rest of the time the state of engorgement at capture can be deduced 
to some extent from the number of larvae which completed their feed 
during the first two daysp (Table 13). 
A, significantly'lower proportion (P< 0.005) of larvae completed 
engorgement in the first two days of captivity during the winter 
months. 
The median detachment time for engorged larvae is longer in 
December than any other monthp and there is progressive change from 
winter to summer (Table 14). 
I 




of days 5.5 4.8 
Season "Winter 
Number 
of days 5.0 
Mar/ May. June July Aug. Sep. Oct. Nov. 
Ap;. 
3.4 3.2 3.2 1.8.2.2 3.0 3.8 4.1 
Spring Summer Autumn ' 
3.3 2.7 3.3 
20 
The time taken for the last engorged larvae to drop from the 
host (Table 15) výasjlike the median detachment timet longer in 
December than any other monthq and there is, progressive change 
from winter to summer. 
TABLE 15 Longest engorgement times for larvae in 
the laboratory. 
Dec. Jan/ Ylar/ May June July Aug. Sep. Oct. Nov- 
Month Feb. Apr. 
Number 
of days >1 6 12 11 68577 13 13 
Season Winter Spring Summer Autumn 
Number 
of days ; --16 11 8 13 
If the charge in engorgement time were a simple response to 
the constant temperature of the laboratory (210C) it should be the 
same throughout the yearý'' Since there is a progressive change in 
both the median and longest engorgement times so must there be a 
physiological change which is slower in winter to respond to the 
laboratory conditions but faster in summer. 
The most numerous of the infested hosts was C. glareolus (267) 
whose mean burden over the-trapping period was 3.1 larvae, (Table 16)S 
the lowest mean burden was in July (0.2 larvae), immediately after 
the highest level in June (5-1 larvae); from November until 
February mean burdens remained almost constant (2.1 - 2.2 larvae). 
1, It might be argued that the larvae are showing a seasonal 
climatisation response. Thisp however, would be expected to 
operate in the reverse direction and it will be argued later that the difference observed reflect diatause phenomena. 
21 
TABLE 16 : Larval burdens of C. glareolus 
Combined results for 1974 to 1976. 
Number Number Laz-*, ae 
of of tick- per tick- 
Month Engorged infested infested 
Larvae hosts host 
Jan, 11 5 2.2 
Feb. 29 14 2.1 
yAr. 33 12 2.8 
Apr. 41 19 2.2 
May. 52 is 2.9 
Jun. 146 29 5.1 
Jul. 7 28 0.2 
Aug. . 135 31 4.4 
Sep. 61 21 2.9 
Oct. 216 51 4.3 
Yov. 51 23 2.2 
Dec. 34 16 2.1 
Total 820 267 - 
Larvae per tick-irf ested host 3.1 
A. sylvaticuS (110 animals) had a mean infestation rate of 
2.0 larvae, Low numbers of infested A. s, 
-Iti , . 
71vaticus were ca-rtured in 
all months except Octoberýwhen ýTýanimals were trappedp (Table We 
TABLE 17 Larval burdens of A. sy . 
lva. ticus 
Combined results for 1974 to 1976. 
Number Number Larvae 
of of tick- per tick- 
Month Engorged infested infested 
Larvae hosts host 
Jan-. -. 6 4 - Feb. 9 6 1-5 
Mar. 6 3 - Apr. 
May. 
Jun. 17 8 2.1 
Jul. 
Aug. 2 
Sep. 6 13 0.5 
Oct. 121 41 2.9 
Nov. 29 15 1.9 
Dec. 26 12 2.2 
Total 223 110 - Larvae per tick-in fested host 2.0 
22 
Least numerous of the infested hosts was M. agTestis (44)y 
the monthly capture never exceeded 9 infested animalso (Table 18). 
TABLE 18 : Larval burdens of. X. aqrestis 
Combined results for 1974 to 1976. 
Number Number Larvae 
of of tick- per tick- 
Month Engorged infested infested 
Larvae hosts host 
jam 5 3 
Feb. 10 9 
Mar. 14 3 
Apr. 9 3 
May. 1 
Jun., 1 
Jul. 7 6 
Aug. 6 6 
Sep. 21 6 
Oct . 9 5 Nov. 1 1 
Bec. 
Total 82 44 

















































Infested irith Infested with 
any instar Larvae 
Number Larvae Tumber LiLrrbe 
of ; er of ; er 
hosts host hosts host 
5 2.2 5 2.2 
14 2.1 14 2.1 
12 2.8 12 2.8 
19 2.2 18 2.3 
18 2.9 16 3.2 
29 5.1 25 5.9 
28 0.2 5 1.4 
31 4.4 17 7.9 
21 2.9 15 4.1 
51 4.3 49 4.4 
23 2.2 23 2.2 





Jan 5 9 o. 6 3 3 
Feb. 10 20 0.5 9 1.1 9 1.1 
Mar. 14 15 0.9 3 3 
Apr. 9 8 1.1 3 3 
May. 13 1 
Jun. 4 1 
Jul. 7 16 0.4 6 1.2 2 
Aug. 6 30 0.2 6 1.0 5 1.2 
Sep. 21 17 1.2 6 3-5 6 3-5 
Oct. 9 20 0.4 5 1. E 5 1.8 
Nov. 1 5 - 1 - 1 - 
Dee. I 
Total 82 158 44 37 
Lame per host 0.5 1.9 2.2 
Ao sylvaticus 
Jan 6 14 0.4 4 - 4 
Feb. 9 20 0.4 6 1.5 6 1: 5 
Mar. 6 12 0.5 3 - 3 
Arr. 1 4 - 1 - 1 
Yý Y. 8 1 
Jur. 17 10 1.7 a 2.1 7 2.4 
Jul. 8 
Aug. 2 40 - 6 - I - 
Sep. 6 37 0.2 13 0.5 6 1.0 
Oct. 121 91 1.3 41 2.9 35 3.4 
rov. 29 51 o. 6 15 1.9 15 1.9 
Dec. 26 25 1.0 12 2.2 12 2.2 
Total 223 320 110 go 
Larvae per host 0.7 2.0 2.5 
TABLE 20 
Number of engorged larvae detached from each host species and 
number of engorged larvae recovered from cages on each day 
after capture. 
0 :3 M VI 
0 r-i 0 -H -P M 
$4 
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11 a 4-1 
0 4-4 ca 
W: q E-4 0H 
Engorged '0 







after Cd 0 0 
;> 
0 CS 
C rture apt r  0 0 4) 4) 0 A P4 A M A $r4 
1 16 16 3 2 1 1 22 19 
2 32 29 5 4 1 38 33 
4S 41 5 5 1 1 54 47 
4 46 41 9 8. 3 3 58 52 
5 40 34 9 a 6 4 55 46 
6 20 
.e 
27 3 2 8 8 40 37 
7 11 11 7 6 18 17 
8 4 3 6 3 10 6 
9 9 9 99 
10 1 6 6 76 
11 4 4 44 
12 1 1 21 
13 1 1 
14 
Total 230 202 34 29 54 47 318 278 
Number of 
infested 
hosts 82 16 2 0 127 
23 
It was apparent duririg the routine examinations of trapped 
animals that the ear pinna was the most heavily infested area'of 
the bodyv therefore, the progress of engorgement of 318 la'rVae on 
the ear pinnae of 127 hosts (82 C. glareolus; 16 It. apTestis and 
29 A. sylvaticuS ) was followed dailyv (Table 20). 
There is no significance between the number of larvae seen to 
have detached and larvae recovered from the cages on the same day 
( )( I- 6-7p P >0.75): 263 larvae were recovered from the cages on the 
day they were found to be detached, (Table 21); 3 were recovered 
within the next 24-hours', and 52 were never recovered, ' 'In addition 
to theseq 12 larvae were collected fiot the cages before any were 
seen to have detached from the ears; these'must have engorged, 
elsewhere on the body, 
TABLE 21 : Record of Engorged larvae detached from 
ear pinnae of hosts*ard recovered from cages, 
Number of Number of Number of Iýuiber of 
'engorged dingorged engorged -engorged larvae larvae laxvae not larvae 
detaching recovered recovered recovered 
from ear from cages after after 
innaz on 3ýay 0 detaching concealed J]Day 
0) engorgement 
318 263 52 12 
Total 315 
82 C. glareolus 
16 if. agrest . is 
29 A. sylvaticus 
Together with the above 127 animals, 142 others (42 C- 9-lareolus 
68 M. agrestis and 32 A. sylvaticus) which had na7larvae attached to 
the ear pinnaef were examined daily. No larvae were recoveredýfrom 
their cagesl although during this period, 27 of the animals (21 
. 
g. 
-glareolus; 5 M. agrestis and 1 A. sylvaticus) fed a, total of 24 




The majority of larvae engorged on the ear "irnae'(318 : 12), Vp 
and after detaching from the site of engorgement leave the host 
within 24 hours. 
In summary, almost without fail it can be considered that 
only hosts with observable larvae on the ear pinna are likely to 
be infested with that instar. 
As would be expected there is no significant difference in the 
numbers or larvae infesting the two ears 0.23, P-7--0-5) 
(Table 22). Nevertheless they are not randomly distributed over 










Figure 11: Areas of the ear to which larvae and nymphs attached. 
On voles the inner surface carries the greater infestation 
(. 2 
15.7, P 40-005), while for A. sylvatiýus the converse is true 
5.9y V 401005)- On voles the greatest proportion (0-84) was 
attached within 1 mm (0.2 of the surface area) of the edge of the 
ear 74t P 40-005). In marked contrast, this marginal area 
of the mouse ear (0.2 of the surface area)-carried a lower pro- 
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In terms of density of infestation, however, it is the edge 
of the vole ear which carries the greatest concentration of larvae. 
The proportions 0.4 of the burden of C. glareolus and 0.6 on 
M. agrestis were concentrated on ec of the surface area. 
A major proportion of nymphs (0.90) on C. glareolus, occurred 
on the earsp (Table 23)v but this was significantly less 4.2y 
P-cO-005) than the proportion of larvae (0.95) (Table 22). 
Infestation levels on the two ears were at parity 0.12v P >0.5)t 
but a significantly greater number fed on the inner surface 4-8P 
P<0-05)- Unlike larvae, nymphs did not engorge within 1 mm of the 
margin of the pinna. Data for M. aRTestis and A. sylvaticus are too 




Prom the data presented in Table. 20, the median epgorgement 
time of larvae is seen to be greater on A. aylvaticu a0 days) 
than on either of the voles: C. glareolus (4 days)q M. agrestis 
(4 days). Admittedly A. sylvaticus included a. higher proportion 
(0-59) of winter captures than did the voles (0.28) (1ý- 9-5t 
P 40-005)t and winter larvae are known to remaizi attached for 
longer periods (this is discussed below). This, however, does 
not account wholly for the difference between mice and voles ' and 
reference to Table 24 which contains the data for the whole trapping 
period 1974 -76 confirms that engorgement on A. sylvaticus was 
consistently more prolonged than on the voles, 
Enýgorgement has two overt stages: the tick retains its 'flat' 
condition for some time after attaching then distension of the 
iciiosoma ronows. The slightest change of the dorsum from flat to 
convex is readily seen in the reflective quality of the cuticlet 
when flatv the whole surface reflects light from an overhead source 
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is lost the reflection becomes limited to a circular area which 
progressively decreases in size and increases in brilliance as 
engorgement continues. These criteria were used in compiling 
Table, 25. 
On A. sylvaticus the median time for both the 'flat' and the 
tround' stages is greater (3. and 4 days respectively) than on 
. 
g. glareolus (2 days and 1 day respectively) and M. agrestis (2 days 
for each stage). The prolongation of larval engorgement on 
A. sylvaticus is nott thereforep attributable to any particular 
stage in feeding, 
Development of larvae after engorgement. 
The original purpose of this work was to establish a laboratory 
colony of Ixodes triangulicers hence all individuals recovered were 
routinely placed at 10 0 ,, 
C with the intention of bringing them through 
to the next irstar; it became apparent, however, that development 
was comparatively rarely completed in the laboratory. 
The ticks appear to fall into two groups % those which 
completed development within a period of 33 to 118 days; and the 
majority which, though they survived for some months, did not go into 
the moult phase. 
An incubation temperature of 19 0C was chosen to approximate 
summer conditions, but the poor results forced a series of empirical 
trials with other conditions to establish a method of inducing the 
ticks to moult in useable numbers; this has still not achieved a 
mOulting rate exceeding 5Wo in any constant conditions of incubation. 
B' etween 10 0C and 250C there was a qualitatively different effect 
on the developing ticks; it is now seen that 23 0- 250 is the best 
of the temperatures to use for constant conditionso but this had been 
considered aI 
, pliorla very 
high temperature of incubation for a tick 
living in a cold temperate region. Diapause was suspected where ticks 
moulted after prolonged developmental periodst hence extreme temper- 
atures were tried to induce its abandonment. 
From the data for these trials information has become available 
on the biology of ticks, and for that reason is analysed here. 
TABLE 25 t Number of larvae and the time spent in 'flat' and 
'round' stages during engorgement. 
. 
2. idareolus 
Number of days at 
'flat, stare 







Jun 479 10 62 
July 112 
Aug 45 IC eI 
Total 20 32 35 29 20 IC 61 
M. apTeatis 
Number of days at 
'flat' stage 










Total 4 10 5732 
A. sylvaticus 
ITumber of days at 
'flat, atage 
Month 1 1 23456789 
rec 11 
Jan 2 111 
Feb 1 32 
r, ar 2 112 
Arr 
Yý3r 
Jun 3 322 
Jul 
Aug I 
Total 4 5 56543 
Number of days at Number Number 
frourdl stage of of 
12345678 9 
Urvae. Hosts 
3 3 2 
2211 6 3 
1711 10 5 
492 15 7 
5641- 16 11 
7 16 91 33 10 
6 21 6311 38 13 
3V 4 4 
4 11 11 11 28 9 
27 75 38 5431 153 64 
Number of days at Number Number 
'round' stage of of 
.112345678 9 Larvae Hosts 
11 2 1 
1212 6 6 
2152 10 1 
1231 7 1 
211 4 3 
11 2 2 
76 10 35 31 14 
Number of days at Number Number 
Irourdl stage of of 
'41 12345678 9 L& rva e Hosts 
11 2 1 
1"31 6 4 
312 6 5 
21 6 3 
1 2 1 
11251 4 
33786321 33 19 
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The relationship of larval development to the month of 
engorgement throughout the year can be discussed for those incubated 
at 19 0C only, (Table 26). 
TABLE 26 : Development of larvae ircubated at 19 0 C. 
Number Month 
of lar-we Jan. Feb. liar. Apr. May Jun. Jly Aup, Sep. Oct Yov. Dea. Total 
incubated 21 48 32 13 28 1C8 37 88 343 81 60 859 
moulted 794318 32 
A significantly greater proportion of the larvae developed to 
nymphs when they had engorged during the winter months than when 
they engorged between March and September (P40-005) (Table 27) of 
424 larvae which engorged in October and Novemberv none completed 
development. 





Dec. to Feb. 
MIX. to Sep. 
Oct. & Nov. 
Total 
ITumber of Number of 
larvae larvae failing Total 
completing to complete 
Development development 
24 1C5 129 
8 298 306 
0 424 424 




The development period of larvae decreased progressively, over 
t the range of incubation temperaturesq (Table 28). 
TABLE 28 : Development of Larvae. 
Developmental Incubation TemFerature 
000 Period (days) ICO 150 190 21 23 25 
Minimum 132 46 33 44 33 23 
Median - 128 65 58 36.5 35 
The time range of development periods was greater at 19 0C 
(33 - 118'days) and 150 C (46 - 279 days) than at the other temper- 
atures, (Appendix 2); excessively long times are probably 
associated with diapause and are discussed in this context below. 
'This developmental period has two distinct, successive, 
componentsp (Table 29): during the first phase ticks are active 
for a variable periodp but eventually become quiescent and remain so 
until moulting is complete; the second phase is overt moulting 
accompanied by a lightening of cuticular colour and immobility. 
TABEL 29 : Developmental phases of Larvae. 
I 
Developmental Developmental Incubation Temperature (OC) 
Phase Period 
(days) 100 150 190 230 250 
Minimum 76 30 16 1,5 9 
Pre-moulting Median 78 55 29 20 20 
Maximum 100 233 74 36 29 
Minimum 32 16 14 12 13 
Moulting Median 56-5 31 19.5 16 15 
Maximum 5.111 46 24 21 19 
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Both the pre-moulting and moulting phases are temperature 
controlled. The relationshir between incubation temperature and 
developmental velocity (the reciprocal of developmental period) is 
linear and direct for both the pre-moult and moulting component of 
developmentv (Figures 6 and 7)- 
For any given teoperature, moulting time shows a tendency to 
regress on pre-moulting time, i. e. the longer the time spent in 
the pre-moult the slower is the development which follows. 
Figure 8 displays the relationships obtained and although none is 
significant statistically the sample at 230 C has a regression 
ra 


















Pigure 6. Larvaeg relationship between temperature 











Figure 7. Larvae. Relationship between temperature 
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Fi, gure 8. Larvae. Regression of moulting time on premoulting time. 
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Engorgement of nymphs. 
Nymphs occurred on the three host species during the period 
April to November onlY (Fig- 4)- A significantly greater proportion 
of C. glareolue was infested than either of the other two host 
species 0(ý - 620 P40,005), and a significantly greater proportion 
of males than females wqs irf ested ()(ý = 7.9 tP40.005). Sex 
preference is not significant for M. a, ylvaticuB, Trestis and A. s- 
0.15 9 P: PO-5 
) (Table 30). 
TABLE 30 Distribution of engorged nymphs on the 
host species. 
Host Number of hosts 
S-necies - Sex Insrected Infested 
161 59 
C. glareolus 157 35 
42 4 
M. agrestis 66 5 
125 5 
A. svlvaticus 106 6 
ýnale 
f emale 








Between April and August 1976,112 nymphs had their mouthparts 
embedded at capture, of these, 90 were in a flat condition and 22 
partly engorged (Table 31). 
TABLE 31 : State of engorgement of nymphs at capture. 
I 
State of Month 
engorgement April May June July August Total 
, flat, 28 40 20 20 00 
, round, -2 11 6 3 22 
Toýal 2 10 51 26 23 112 
definitions as given on rage 2-5 
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C. glareolus was the most numerous of the infested hosts and 
most heavily burdenedv (Table 32); over the trapping period its 
mean burden'per infested host was 2.3 nymphs. Nymphs first 
appeared on C. glareolus in April and peak burden was reached in 
June ( 4.2 nymphs per infested host), thereafterv mean burdens 
declined progressively until November when the last nymph attached. 
TABLE 32 : Nymphal burdens of C. P-lareolus 
Combined results for 1974 to 1976. 
Number Number Number 
of of per 
Month engorged infested infested 




April 2 2 
May 16 11 110 '4 
June 92 24 3.83 
July 40 23 1.73 
August 35 17 2.05 
Sertember 16 12 1.3 
October 6 4 - November 1 1 
December 
Total 208 80 
Nymphs per infested host 2.2 
Only a few M. aarestis (, Tdble 33) and A. sylvaticuS (Table 34) 
were infested with nymphs, these occurring within the infestation 
period for C. glareolus. 
TABLE 33 : Nymphal burdens of M. arrestir, 
Combined results for 1974 to 1976. 
Number Number Nymphs 
of of per 
Month engorged infested infested 






July 5 3 
August 2 1 




Total 11 7 
Nymyhs per infested host 1.6 
TABLE 34 : Nymphal burdens of A. sylvaticus 
Combined results for 1974 to 1976. 
Number Number Nymphs 
of of per 
Month engorged infested infested 






June 8 3 
July 1 1 - August 2 2 - 
September 2 2 - 
October 3 2 - 
Novembe'r 
December 
Total 17 11 
ITYMphs per infested host 1.5 
I 
ob 
TABLE 35 t Su-ary of n7mphal infestations. 
Class of host 
orlareolus All an imals Infested with Infest ed with 
examined ary instar nymphs 
Yumber Number NymthB Number ', Nymphs Number Nymphs 
of of Ter of per of Ter 
Month ergiorged hosts host hosts boat hosts host 
rymrhs 
Janus ry 6 5 
February 21 14 
March 17 12 
Arril 2 24 19 2 
T'ay 16 L.. 20 C. 8 18 C. 9 11 1.4 
Jure 92 33 2.8 29 3.2 24 3-P, 3 
July to 37 1.1 28 1.4 23 1.73 
August 35 El c. 6 31 1.1 17 2-C5 
Sertember 16 32 0-5 21 0.8 12 1.3 
Ociober 6 65 C. 1 51 0.1 4 - rovember 1 42 - 23 - 1 - December 19 16 
Total 2CE 397 267 89 
Nymrha Ter host 0.52 0.78 2.2 
agreatis 
January 9 3 
February 20 9 
Wch 15 3 
Irril 1 8 - 3 Kay 13 1 
Juno 1 4 - I 
July 5 16 0.3 6 0.8 3 
August 2 30 - 6 - 1 Se; tember 2 17 - 6 - I October 20 5 
November 5 1 
1'ecember I 
Total 11 158 44 7 
Wymrha ýer host 0.07 0.25 1.6 
A. sylvaticus 
January 14 4 
February 20 6 
! ýarcl, 12 3 
Arril 4 1 
Ilay 1 8 1 1 
Jure e 10 0.8 e 1.0 3 
Tuly 1 6 -1 -1 August 2 40 -6 -2 Se; tember 2 37 - 13 -2 October 3 91 - 42 -2 November 51 - 15 December 25 12 
Total 17 320 
Nymrho per host 0.05 0.15 1-5 
a 
32 
Development of nymphs after engorgement. 
Although the number of nymphs is very much lowery the relation- 
ship of development with temperature (Table 36) is comparable and 
consistent with the minimum time taken by larvae (Table 22). 
TABLE 36 : Development of rymphs. 
DevelorMental Inctbation temperature (OC) 
Period (days) 100 150 190 23 0 25 0 
minimum 103 46 28 26 28 
Median - 52 93 32.5 - 
Maximum 71 240 34 
Number of 
Nymphs 17 26 41 
There is no obvious difference between the two instars in their 
time relations at any given temperature, (Fig. 9). 
Developmental periods at 19 0C fall into two distinct groups: 
those completing development in less than 125 days (19 nymphs) and 
more than 195 days (7 nymphs) (Appendix 4)- 
The long time periods involved have affected the median value 
which is greater than at 15 0C and 23 0C presumable because at 15 
oc 
a higher Proportion of the long-! tall (i. e. the diapause members) 
fiilsq while at 23 0C the proportion in diapause is reduced. The 
relationship between pre-moulting and moulting phases of development 
can be given at 15 0C only (Fig. 10). 
For individual ticks at this temperature the regression of 
moulting on pre-moulting periods is not significant (t- 0-58)- 















Figure 9. Relationship between temperature and moulting velocity. 










premoulting time (days) j Regruslon estimate 
Figure 10. Nymphs. Regression of moulting time on premoulting tiýe* 
Incubation temperature: 15"C. 
68 10 12 14 16 18 20 
33 
Capture of adult ticks. 
Adult ticks occurred on the three species of host during the 
period February to November only (Fig- 5), with the level of 
infestation greatest in July (0.43 females per C. glareolus, 0.44 
females per 11. agrestis). There is no significant difference 
between the proportions infested of C. Plareolus and IT. aRTestis, 
(7ý - 1.79 P-10-P or of C. Plareolus and A. sylvaticus 
(T -ý 2-5PPý"O-i); 
nor do the female ticks show a sex preference in infestation of hosts: 
glareolus W- 0-004t PaOl; 11. agrestis plus A. sylvaticus 
t-2.29 P>O-ý (Table 37)- 
TABLE 37 Distribution of adult I. triangulicers an 
the three species of host. 
Number of Number of 
Host Number of hosts Adult ticks Female ticks 
Per 
Species Sex Examined Infested Female Male Per Infested 
Host Host 
C. glareolus M 150 15 25 - ' P 143 14 19 2 0-15" '1-52 
1. agtestis 11 56 6 12 - 
F 76 2 2 - 0.12 1-75 
A. 
-sylvaticus 
M 1C8 7 12 
F 95 5 6 1 0.09 1.50 
Total 628 49 76 3 0.12 1.55 
Yale 
Female 
Multiple infestation by female ticks was seen, with an upper 
limit of four: this occurred on only 2 of the 47 hosts carrying 
female ticks. (Table 38). 
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TABLE 38 : Frequency distribution of I. -Irianguliceps females. 
Host Infestation Level Number of Number 
Infested of 
Srecies Sex 0 1 2 3 4 -> 5 Hosts ticks 
C. glareolus M 166 8 5 1 1- 15 25 
P 162 10 3 1 -- 14 19 
M. agTestis M 63 2 2 2 -- 6 12 
P 87 2 - - -- 2 2 
A. 8 lvaticus 11 161 4 2 - 1 7 12 
P 147 4 1 - -- 5 6 
Total 826 30 13 4 2- 49 76 
Males were much rarer than female ticks (3 males, 76 females)p 
(Table 37). On each of the three occasions when a male tick was_ 
found it was in copula with an engorging female, and left the host 
before the second day of captivity. This relatively short time 
males spent on the host was also observed when engorging females 
were mated in the laboratory, (Table 39)9", 
TABLE 39 Numbers of applications of I. triarguliceps, 
- males to engorging females and the time they 
spent on the host, 
Source of 
Days spent Eneoreed females 
by male Laboratory - Total 
on host Field Stock 
<1 9 22 31 
12 22 4 
23 2 2 




On only two occasions did male ticks remain hidden af ter they 
were seen to have detached from the female: in one case the male 
was taken from the cage next dayp the other on the second day. 
Males were never found in the absence of females; the three 
males collected in copula give the only indication of how they may 
get onto hosts; possibly carried there by the female. Neither 
this postulate nor other possible mechanisms can be discussed from 
evidence in the data. That males remain on the host for a much 
shorter time than f emales indicates that the proportions of the 
sexes in collections from the hosts do not accurately reflect the 
proportions in the adult tick population. Proportions of the sexes 
in ticks which moulted in the laboratory support this theory: 
31 engorged nymphs moulted to produce 15 males and 16 femalest 
proportions which are at parity. 
On initial inspection, 56 of the female ticks were seen to be 
already attachedp the remaining 20 being first seen on the hosts up 
to 6 days af ter capture. . 
But on no occasion was a female tick seen 
to be wandering freely on a host. 
During attempts to feed laboratorý-moulted femalesg. individuals 
which were not seen to have attached were either found within one day 
in the water-baths beneath the cages, or were never recovered; 
since the chance of escape was minimalv they were probably groomed 
off the fur and eaten by the host. The wild-caught ticks may, 
therefore, have all been attached at the time the hosts were first 
inspected. 
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Engorgement of females. 
All 76 of the female ticks on the trapped hosts detached 
within 23 days of host capturey (Table 40)- 
TABLE 40 : Number of engorged females dropped from hosts each 
day after capture. 








Days on which females dropped from the host 






















3 1 2 2 3 3 76 
*23 days 
This was within the maximum engorgement time of 31 days recorded 
for laboratory-moulted females which fed on C. glareolusland labor- 
atory micet (Table 41). 
Not all female ticks engorged fully before detachment; from 
JulY 1974 to October 19759 7 of 33 females detached prior to complete 
engorgement. After one attached female which had apparently st6pped 
feeding on the host for a period of 13 days was provided with a male 
it completed engorgement 2 days after mating, and it became a routine 
practice to apply a stock male to such female ticks. 
Because of the scarcity of female ticks no controlled experiments 
could be made on the effects of fertilisation on feeding behaviourt 
but it has been shown for Rhipicerhalus simpsonig a parasite of the 
African grasscutter (Thryonom- ys swinderianus) that females will not 














































































Development of females after engorgement. 
Of the 76 engorged females, 64 were, taken alive from the cages, 
and 12 were lost. The engorged fecales varied greatly in size, and 
to determine the extent of this all 14 which completed engorgement 
during the period July to September 1.076 were weighed on recovery, 
(Table 42) 
TABLE 42 : 'Weights of engorged females af ter detachment. 
Host Female tick 
Days on 
Species Sex host after offered 
capture male 
C. glareolus M 10 
11 it 10 
to F7 yesmated 
M. aarestis M5 








M. arrestis P8 
It P 24 yes, mated 
Plareolus 1.1 17 yesmated 
Incubation 
date weight temgerature 
collected mg C) 







Aug. 1976 79-4 15 
of 16-5 15 








None of these females laid eggs although conditions of 
incubatibn were suitable for long-term survival: up to 335 days 
at 15 0C (Table 43), 
The incubation progress of 24 engorged females was followed to 
determine the patterns of activity and survivalp (Table 43)4 
Inspections were made daily for the first week, weekly until'week 13, 
and thereafter at approximately 2 week intervals until death. A 
tick was regarded as 'active' if any movement of the legs- could be 
seen during a 15 second inspection under magnification in good light, 
was black or attacked and was- considered 'dead' when any part of it 
by fungus. It will be seen that the times given for 'activity'* 
are minima while those for Isurvivall are maxima. ' 
TABLE 43 : Number of days engorged females, were active 





Active Active Survived Active 
(days) (days) (days) (days) 
4 160 164 0 
7 21 28 0 
22 20 A2 2 
45 31 76 6 
74 24 08 9 
19 14 38 232 16 




. Tite 45 31 ge 12.5 (days) 
15 0C 21 0C 
Non- ITon- 
Active Survived Active Active Survived 
(days) (days) (days) (days) (days) 
33033 
3389 
17 19 26a 
12 18 69 17 
156 165 10 3 13 
21 37 16 14 30 




23 41.5 88 13 
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Periods of activity (0- 206 days) and survival (3 -335 days) 
varied considerablyt but the median times for both classes are 
inversely proportional-to the incubation temperature. 
The extended periods for which the females were active, 
especially at JOOC (maximum time 206 days) and 150C '(maximum time 
185 days) imply a state of diapause which regrettably, none were 
induced to abandon. 
One female which laid eggs took 66 days pre-ovipositional 
development before eggs were produced, neverthelesst this-was at a 
very low temperature (100C), and-by analogy with other ' speciest (Ixoded ricinus, 34 - 55 days at JOOC, Campbell 1948)p is the sort 
of period that would be expected to, reach successful oviposition at 
this temperature. Regarding the others, it would appear that the 
conditions under which they were being maintained were adequate for 
their survival, but lacked the stimulus to induce the abandonment of 




Of the three species of burrowing rodent trapped at Balerno, 
Midlothian, Clethrionomys rlareolus, the bank vole, was the most 
frequently and heavily infested by the tick, Ixodes trianaulicers. 
7 
From a total sample of 3091bank voles 2.70 ticks per host were 
recovered. Infestation an Microtus airrestis, the field volt and 
Ar6demus sylvaticus, the field rouse were markedly'lighter at 0.68 
and 0.81 ticks rer host in total samples of 158 and 324 animals ' 
respectively. In varying degrees, the bank vole sprearrs to assume 
the domirant role in sup, rdrtirg this tick elsewhere. In Southern 
FinliLrd, Ulranen (1972) states, "The bank vole (g. r1preolus) was 
the most heavily infested [small mamrall1l; Cotton and Y'atts (15,67) 
found in Berkshire, Ergl-ard that "Bank voles were more heavily 
infested than field voles .... 11; and Lachrajer 
(1c, 62) asserts "The 
r princiyal host for Ladult tickýj in Bialowieza National Park 
[Polardi, 
as was shown by the number of individuals collected, is Cletijricromys 
Lisreolvs"t and this species was one of three on which rymrhal ticks 
occurred most frequently. 
Two-other localities in the present study contained bank voles 
in the trapped sample. In bothýthese areas the bank voles arreared 
in lower prorortions than at Balerno, and the tick infestations were 
appreciably lower. The three areas form a series in which tick 
numbers increase as the pror. ortion of bank voles increases. Thus% 
Locality Total rodent Proportion of Mean 
sample bank voles infestation 
Ta. "uilt, Argyll 324 1 el. Trace 
Bush, Midlothi2m 135 35, ý 0.22 
Balerro, Midlothian 878 W 1.64 
'Uliranen (1972) com=ents on the size of tick porulatione in 
different areas. Those he observed in Firlard were comrarable with 
rO--ulatiOns from Soviet Karelia described by Vysotske. ya (1951) and 
Lutta (1568). These in turn were comrarable to, but somewhat 
smaller then, those studied by Lachmajex (10.62) in Poland end Lichard 
(1965) in Czechoslovakia and much snaller than the Lriglish population 
41 
of Cotton and Watts (1567). In two only of these reports do the 
published data allow a comparison between tick numbers and. the host- 
population structure, rRmely, those of Lachmajer (1c, 62) and Ulmanen 
(1972). In Firland 0.38 ticks per host were found on a sairple of 
626 rodents containing 15'/" of bark volesl while in Poland 0.32 ticks 
per host occurred on 0.16 rodents containing 6Cý, of bank voles. These 
two similar- inf estation, - levels occurring in rodent samples containinL7 
such very different proportions of bark voles denies the simple 
corclusicn implied by the Scottish data that there should be a regre- 
ssion of tick population size on the proportion of bank voles in the 
host populations. Thus, even where workers recognise the predominant 
role 'of the bank vole in supporting 1. triarrulicers the interactions 
with other host species must vary considerably. 
The study of Par. dolrh (1975 A and B) in Sussex, Freland records 
data which are greatly at variance with the findings elsewheret and 
lead her to substantially different conclusions. Randolph (1975 B) 
states all these four srecies 
I Sorex minutus, S. ar2reus, 
Arodemus sylvaticus and ITicromys mirýtup should be considered as 
furdamertal to the continuing survival of the Txodes. triangulicers 
population in Common Wood, but Clethrionomys glareolus and Microtus 
aE: Eestis would arrear to be rather more incidental as hosts". 
Several features in Randolph's data allow room for doubting her 
conclusions. The two shrews included in the group of "fundamental" 
hosts carried one female tick only on some 166 individuals captured 
during the two years of study. Indeed, Sorex minutus has nowhere 
been recorded as a host of adult ticks. Whatever mieht be their 
role it is incontrovertible that neither of these species can play 
an independent role in the maintenance of this tick. Equally, 
although 'Randolph's evidence is, of quite large numbers of larvae and 
adults parasitising the micep Alicromys minutus, 9 no nymphs were observed 
on 81 captures, and this host has to be discounted as an independent 
maintenance host. The harvest mouseq LA. minutusp is exceptional 
among the rodents studied by Randolph, in that it was urrepresented in 
the traps from May to Septemberg the period of nymphal activity. 
Randolph (1975 B) draws attention to the findings of Yikkawa (1964)p 
Tanton (1965,1969) and Brovm (1969) that the traprability of different 
42 
rodent s-ecies varies throug"hout the year but bases reliance on 
Fikkawals (1964) conclusior. that -rrovided'enoug-*h trars are available 
irdividual differerces in trap resronse will not significantly affect 
random catches. The continued absence of 11. minutus from traps for 
-erpreted on the basis of traplable and. half the year cannot be int 
pable components in the population but must indIcate 
the absence untrap- 
of the species from the trapping environment. Its intermittent 
contact with the tick population demonstrably negates the possibility 
of an independent role in tick mainterance. Of the four species 
nominated by Randolph (1975 B), one only, Atodemus sylvaticus, carries 
ticks of the requisite stadial rroportions to qualify it as, 
"furdamental to the continuing survival" of the tick population in 
Common Wood and the three otherst on the evidence rresertedo appear 
more appropriately to be regarded as 'relegated to subordinate roles. 
Ulmanen (1972) refers to the clumped distribution of larvae on 
hosts in Finland butasserts that clumping was not observed for the 
other tick instars. This presumably implies that he considers nymphs 
and adults to be randorly distributed on their hosts. Randolph (1975 B) 
on the other hsndý considers that clumped distributions occur for all 
stadia and she denies random association. 
These conclusions derive from a. statistical arQlYsis of the 
difference between observed ratios ard random (Poisson) ratios of 
varience : mean. The samples tested'are the total captures of all 
srecies for each of the two study years; and the same samrles are 
employed for each of the three instars. Not surprisinglyt the diff- 
ence between the observed and random (Poissonian) ratios are sigmificant 
for all three instars. The procedure ignores several significant 
features contained in the gross data: 
(1) Both nymphs and adults are markedly seasonal in their activity 
and in their occurrence on hosts. The author recognises elsewhere 
in her paper a distinction between low and hiph seasons. Hence zero 
records in the inactive season are wholly irrelevant to a test for 
random or non-random occurrence of ticks on hosts. The clumping 
effect which is recogrised must be a resultant of the proportions of 
low and high season captures fortuitously included in the test samples. 
43 
(2) The sample for nymphal analysis contains an inflated number of 
zeros through the inclusion of Micromys, minutus captures none of 
which occurred during the season of nymphal activity. 
(3) The sample for adult analysis has its zero component grossly 
inflFted by the inclusion of shrews which are recognised by all 
previous authors to rlay a negligible role in the feeding of the 
adult instar. ' 
The analysis, since it ignores the 6*ross biological evidence, 
is meaniný. zless, its results deriving from the random weights of its 
individual components, and the conblusion, that all tick instars are 
overdispersed on the hostsq remains unsupported. 
The findings, concerrirg the host. parasite relations of this tickp 
uron which all authors are in agreement relate to the larval instar. 
First, the larvae are much more widely distributed on the availbqle 
host species than are the later instars; all rodents and insectivores 
carry appreciable larval infestations. Secondlyt larval infestations 
occur throughout the year; although there is clear evidence of seasonal 
variation in numbers there is no time when hosts are wholly free of 
larvae. Finally, larval burdens on the various host species are grossly 
overdispersed. This last feature is the inevitable consequence of the 
oviposition habits of females and behaviour of flat larvae. Eggs are 
deposited in single adherent batches of up to 2000 and the larvae after 
emergence remain aggrag-ated, displaying little or no tendercy to dis- 
perse, Hence, random contact of host with larval batches invariably 
produces clumping or overdispersal on host samples. Larval burdens 
are subject to a further modification in that larval residence on the 
host may very accordinE to the season. The finding that all of the 
70 larvae captured during I)ecember and January were in a flat condition 
at capture whereas in sprirg and summer 47 of 328 individuals were 
already at least rartially eric-orged (Table 12) indicates strongly that 
the time relations of the rarasitic rhase of larvae differ with the 
season It is concluded that winter-attached larvae probably remain 
attached cortinuously until the end of winter. A diarause mechanism 
is implied. ý The Table (Aprerdix 1) showing the requisite times for 
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the completion of engorgement after capture at different times of 
the year supports this view. Lachmajer (1062) suggests a continuous 
winter activity on the r-art of, lqrvae and goes so far as to suggest 
a winter role for larvae of this species vis I vis viral circulation, 
This appears an unlikely explanation of the data in Table 12 and 
Appendix 1. 
The seasonal patterns of larvae present a further striking feature, 
of a sharp mid-year infestation minimum on all hosts in all areas. it 
occurs in July in Scotland (Fig. 3). This corresponds to minima in 
July in the Tula region of Soviet Russia, (Katelinal 196C), in July 
and August in Finland (Ulmaneng 1972), Sussex2 England (Randolph 1975 A) 
and in August in Berkshire, England (Cotton and 1.1.1atts, 1967). In 
Polard, (Lachrajer, 1962) the minimum occurs as early as May. In 
Soviet Karelia (Vysotskaya, 10,51) the rattern is unique with peaks in 
March, June and October, and Einima in May and September. 
A disaprointine feature of work with this tick is the low success 
rate in moulting of engorged ticks under laboratory conditicns, and 
this appears to have been the experience of other, workers (Katelinal 
196C and Randolph, 1957 A). In the present studies-only 91/'c' of over 
1COO field Captured engorged larvae succeeded in moulting to the 
nymrhal instar. The success rate, 'howevert depends upon the time of 
year vehen captures are made. 'Of the 362 larvae collected before t'he 
July minimum, 1V moulted successfully in laboratory conditions, while 
only 5-0o of 6qO collected after July were successful (%I = 179 P40-005)- 
Some of the successful individuals required inordinately long times to 
complete the moult (up to 279 days, and the extended development period 
was most marked at temperatures of 19 0C and below. The lone delays 
were due to extension of the premoult phase and the performance of these 
larvae was wholly comparable to that of 
, 
Ixodes ricirus larvae from the 
dispausing autumn-feeding population (Campbell, 1949 ; Kemp 1968). 
The successful completion of the moult after a prolonged diapause has 
not been recorded elsewhere although Randolph (1975 A) refers to long 
developmental periods for larvae fed in late season and maintained at 
12-50C; but the eeneral. failure to achieve more than a1 in 10 success 
rate in the laboratory strongly implies an almost universal developmental 
diarause in the larval irstar of this tick. The failures must be due 
to failure to provide proper circumstances for completion of diapause 
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and resumption of development. Vie have evidence, thereforey of 
diarause mechanisms orerating at two roints in the life of the larval 
instar. The fi=st is when larvae attached to hosts in the winter 
months, recember - February, present no evidence that they are actively 
feeding at this time in the field. They can be stimulated, however-, 
to feed and detach when the hosts are brought indoors although the time 
requi=ed is significantly greater than it is at other times of tLIe year. 
It is probable that such larvae do not become free to develop in nature 
until 11arch at the earliest. 
The second diapause point is manifest in premoulting engorged 
larvae and although the evidence is far from complete it suggests that 
diapause is most firmly established in the individuals fed in -the second 
half of the year. Unlike I. ricinus, however, this species also displays 
a high incidence of a perhaps less firmly established diapause in indivi- 
duals whose engorgement occurs in the first half of the year. 
In contrast to larvae, nymphs display a much more uniform pattern 
of activity throughout the distribution range, Infestation of hosts 
is seen everywhere during the period May to September and this may be 
extended from as early as March in Finland and Soviet Karelia . to as late as 
November in Finla7id and England. Varma and Smith (1,071) postulate a 
spring maximum of nymphal activity in Ayrshi=e, Scotland and they 
contrast this situation with that described for Berkshire, Oxfordshire 
(sic), England by Cotton and "viatts (1067)- Their sampling, howeverv 
was too erratic to allow difinitive conclusions and their opinion, 
which is unique, is discounted. Elsewhere, the peak of nymrhal infest- 
ation occurs between June and August and the most common peak month is 
July. At Balernop infestation maxima were observed in June in both 
years 1.0,75 and 1976, with activity extending from April to October. 
Although at very different infestation levels, the three hosts 
. 
2. glareolus (-0.65/host)t A. sylvaticus ( 0.07/host) and M. azrestis 
( 0.10/host) showed the same. seasonal patterns. The frequency dis- 
tributions of nymphs within each host sample weret however, markedly 
different. A strongly clumled distribution characterises nymphal 
infestation on C. 
-p-lareolus and 
the deviation from random is highly 
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significant, X2 --1501 F<06005 (Table 10 6 ). 
A different pattern occurred in both A. sylvaticus and 'NI. agrestis- 
On these there was no sugZestion of clumping but the data were 
insufficient for the arrlication of aT test. Randolph (1075 B) .1 
claimed that this tick is overdisrersed on its hosts in all its instars. 
This conclusion, based Uron. frequency distributions on composite host 
samrles, ignores differences between host species. Randolph's datag 
when seperately analysed according to the host species show that 
nymrhal infestations on C. vlareolus were indeed overdispersed, 
(Appendix 5) althouigh the divergence from a random al'spersal ý" -4-5 
1'40-CC5) is much less pronounced than in the Midlothian data. The 
Sussex data for nymphs on A. sylvaticus are sufficiently close to a 
Poisson distribution to deny rejection of the null hypothesis 10681 
P>O. 1) 
Overdispersal is, thus, a clearly established feature of nymphal 
infestation on C. irlareolus in both Midlothian and Sussex. Random 
dispersal equally clearly characterises infestations on A. srlvaticus 
in Sussex and almost, certainly in Midlothian as well. The evidence 
for M. a; 7festis is limited in both areas but this species resembles 
A. sylvaticus more closely than C. glareolus.. 
The development of field-engoreed nymphs in the laboratory, 
(Appendix 4) was significantly more successful 21, P-cO. 005) than 
that of larvae. Feverthelessq the failure rate of 4 out of 5 was still 
extremely high. Randolph (1975 A) also asserts a higher success rate 
for nymphs but, regrettably, she -. resents no figures for mortality in 
either instar. Nymphs in Midlothian showed no seasonal influence on 
moulting rates such as was noted for larvae. The difference between 
moulting in pre-July samples and post-July samrles was non-significant 
Sussex nymphs did not 1.3, P>0.25). According to Randolph, . 
present the variations in moulting times comparable to those observed 
0000 for larvae. Midlothian nymphs maintained at 10 t 15 9 23 and 25 
moultedq allowing for direct temperature effectsp at comparatively 
uniform rates within from 1 to 3 months. The mortality in this group 
of ticks (80.20%) was the same (%ý= 0.01t P=0.1) as that of a group 
maintained at 19 0C (79.6ý, ). In this second seriesp however, moulting 
times ranged from 28 to 240 days with 9 of 26 individuals completing 
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their development in the 1-2 month re-ziod and 7 of the 26 showing 
an extension of their development to 6-8 months. The remaining 10 
individuals developed in periods between 3 and 6 months. Again, the 
major rart of the time in these extended developmental periods was 
occupied by the pre-moult phase. There can be little doubt the 
phenomenon observed here is directly com-arable to that recorded for 
larvae and that diapause is an important feature in nymphal development. 
The data provide positive evidence of dia-ause in a proportion of 0.27 
of the successful moults at 10,0 C but none at other temperatures of 
incubation. Nevertheless, a proportion of 0.60 of all nym-,. hs sub- 
jected to laboratory conditions failed to moult and it is proposed 
that this, as with the moulting failure in lab orat ory-main tained 
larvae, is indirect eviderce for an almost universal tendency within 
this population to diapause in the development process in the engorged 
nymphal instar. 
During theý whole period of study 78 female ticks in all were 
A$ 
recovered. C. glareolus was the principi-e host with 46 of tnem, but 
. 71vaticus 
(20) and V A. 
-s- I. 
azrestis (14) carried appreciable numbers. 
This is strikingly different from Randolph's Sussex recoveries where 
these species yielded: C. glareolus - 19 11. aarestis -7 and 
A- sYlvaticusl- 42 out of a total catch of 64- The seasonal appear- 
ance of adults in Midlothian was somewhat different in the years 10575 
and 1976 in that none were recovered before July in 1975 while in the 
following year a female was taken in February, 2 each in March and 
April and 3 in May, The activity patterns in other areas, insofar 
as the small numbers allow comparisons are broadly similarg and we 
find the following records: 
Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. 
Soviet ftssia 
(Tula) 9 7 4 28 3* - Katelina (1960) 
Poland 2 8 7 13 2 - Lachmajer (1962) 
England V __j %-- (Sussex) 18 46 Randolrh (1975B) 
Midlothian 1 22 3 4 23 19 15 0 w 
4e 
The milder climate of Britain is the rossible cause of the 
occasional early season activity here (February and Yarch above and 
Randolph (10.75A) records single individuals in ]December and January). 
Nevertheless, in both Sussex and Midlothian the greatest activity 
appears to be in the latter half of the year (Sussex 18 - 46, 
Midlot'luan 12 - 66) whereas in the two continental sites above the 
early part of the year dominates (Russia 20 - 13, Poland 17 - 6). 
Randolph's claim that adult activity is trimodal with spring, summer 
and autumn peaks cannot be taken very seriously since the spring and 
summer peaks depend upon the tenuous basis of partition of 9 individuals 
in each of two years. 
Only British samples provide evidence of the frequency distributions 
on different hosts (Table 10c and Appendix 5). In Midlothian adults 
are overdispersed on C. glareolus ( )(ý = 52- p P4 0-005) but are not far 
different from random on the other two hosts, whereas in Sussex the 
infestation on A. sylvaticus is demonstrably a random one. 
The paucity of detailed information on adults is doubtless the 
consequence of their relative scarcity in field samples. Males are 
particularly scarce in host collections and this has led to some quite 
unsurported claims by earlier workers. Arthur (1963), for examrle, 
considered the male to be'morrhologically ill-a4apted for matins while 
on the host and goes so far as to state that "copulation undoubtedly 
takes place off the host". Katelina (1960) claimed priority for her 
observation of males on host animals but overlooked the fact that 
Neumann's (1902) description of an Ixodes tenuirostris male was based 
on an individual taken from a bank vole in S. Wales, and that Nuttall 
et al. (1911) also recorded Jordan's finding of 2 males on hosts in 
Switzerland. Cotton and WVatts (1967) describe males, in corula on host 
animals. In this present study 3 males were taken in co-pula from host 
. 
animals. There appears to be no record of males attached to the skin 
of their hosts, all have been taken either in corula or free in the fur. 
The paucity, of host records is not an a nriori 
' 
reason for assuming that 
mating off the host must predominate. Ignoring qualitative statements 
and occasional records the literature contains evidence of recoveries 
of adult ticks in the proportion 26 males to 2CS females, i. e. 1: 8 
(ircluding Midlothian 3 males 7e females; Russiag Tula 3 males 33 
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females (Katelirag 1c60); 'Enic-lard, 'Sussex 7 males 64 females 
(Rardolrh, 1F75 A); Poland 11 males 223 females (Lachmajerg lc62) and 
Firlard'2 rales 10 females (Ulmaren, 1972)ý If we comrare these 
proportions to those of records of otber Ixodes srecies we find several 
.,, 
tures are comrarable to or even much srecies ir which male : female ca- 
scarcer than 1: 10. The data of AeschliTann 
( 1967) in the Ivory 
Coast include: 
I. aulacodi 8 males 56 females ratio 1 7 
I. W-uniensis 7 211 it 1 30 
1. oldi 2 71 of 1 35 
I. cumulatimrunctatus 4 141 it 1 35 
1. rasus 1 9 it 1 9 
These proportions are confirmed by CamPbell (-I: ý* in samr-les from 
Ghan a: 
I. aulacodi 361 males 1850females ratio 1% 5 
I. muriersis 20 478 24 
1. oldi .1 45 
1 *- 5 
I. cumulatir. runctati3s 6 11 123 it to 1 20 
1. Testis 0 11 it to 
I. morpli 32 1.013 ff It 1 6 
Only two of these ticks are associated with nidicolous hostst 
viz. 
-T-oldi 
and 1. cunplatirrunctatus which occur on small carnivores 
and giant rats resrectively. Indeed, three of them are almost 
exclusively parasites of antelopes where raatirg off the host is most V 
improbable. In none of these species has the r-ale been found 
attached to the host, they are always in corula or free in the fur. 
"r vve knoxy that the nymphal moult of 1. sulacodi produces the sexes in 
.5 
(ITtiaLnoa-Baidu, C9 -7 
%K 
a ratio of 0.5 :C C1 . It is concluded, ti. ere- 
fore, that these species normally copulate on the host but that the 
male residence on the host is very brief. Direct evidence for this 




Coast contained 1 male to 20 fenales; animals in Ghana and Ivor, 
collections from humans in the Ghana forestg where ticks were removed 
as soon as their rreserce was felt,, contaired 25 males to 60 females. 
This observation recalls the ratterns observed when male I. trian- 
guiicers are introduced to hosts carrying females: corula follows' 
almost immediately upon contact and males always quit the host within 
24 hours. It has also to be mentioned again that of the successful 
nymrhal moults in this s-lecies, 31 nymrhs produced 15 males and 16 
females. 
The most disappointing feature of the present study was the 
almost complete failure to induce ovipositior in engorged females. 
ptured individuals three only out of 76 laid eggs. This Of-field-ca- 
was in spite of subjecting them to a wide range of temperaturesg high 
and lowo and variations and alterations thereof. The three successful 
individuals together with a single laboratory fed specimen were all 
maintained at constant conditions. One at 10 
0C captured in April 
produced over 1000 eggs after a 66 day preoviposition period and 960iý 
of these eggs hatched after about 200 days of embryonic development. 
Of the others,. one, a June capture, laid eggs after 10 days pre- 
oviposition, and, -the other an August capture had a 56 day preovi- 
position periodf both at 19 0 C. The laboratory raised individual 
required 12 days before oviposition began at the same temperature. 
All these ticks at 19 0C laid small egg batches of 272,20.2 and 310 
eggs. Nevertheless hatching ratios of 21ý, t 44,114,. and 71ý- indicated 
their viability. Randolrh (1975 A) reports a relative failuret "only 
2 females laid egrs at constant temreraturell but she omits to record 
its magnitude. Fevertheless, it is clear that by the use of simulated 
natural conditions, i. e. long term lowering and raising of temperatures 
RandolTh achieved greater success. Two features stand out in her datat 
(1) Great variations occurred in the preoviposition Ireriods and led her 
to susrect the possibility of diarause'and (2) Although eggs were 
obtained very few hatched successfvlly and'this was particularly 
evident for those derived from autumr-fed females whose hatching rates 
were distinctly inferior to the few results obtained frop the Mdlothian 
ticks. 
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It is concluded from these corsiderations that attempts to obtain 
egg, s from Midlothian ticks were frustrated by the failure to core with 
diapause. Randolph had a comrarable experience but when the female 
diapause was partially overcome the *resultant eggs failed. It is 
proposed that again the mortality in egZs is most probably a diapause 
effect. 
- The objection might be raised that at each point of difficulty in 
the foregoing discussion a facile resort is made to the proposition of 
dialause intervention whereas earlier authors have only occasionally 
and tentatively sugFested such a rossibilit7. The distribution of the 
tick, on the other hand, stronely discounts the alternative that its 
existence could be mairtained by direct resronses to environmental 
conditions. Korenberg and. Lebedeva (1969) have drawn attention to 
the establishment of this tick in particularly inhospitable regions of 
the U. S. S. R, from as far north as 60 201 North on the river Tsilmay '5 
(I)unayeva et, al, 1961), and from altitudes as great as 2050 meters in 
the Carpathians (Emchuk, 1960) and 2300 metres in the Cauqasus, 
(Djaparidzep 1960). Aeschlimann et al (1970) have recorded it at 
altitudes up to 1820 metres in Switzerland. 
It is remarkable that so much attention should have been devoted 
to this tick by so many workers in the field yet Randolph (1975 A) 
stands alone in reporting on work on the developmental stages. 
Arzamazov (1966) admittedly provides some information but it is 
entirely qualitative. It is difficult to understand why with so 
much material available nobody reports on its development, if only to 
confirm the identification of immature instars, 'unless it be that the 
experierce of failure recorded here (c. qVjiý of larvaet 8VI. of nymphs 
and 0,65 of females failed to develop further) has been general. If 
this be true it is regrettable that non-success should have been with- 
held from publication, since this is probably imrortant evidence of 
wides-pread diarause problems. 
Mlore direct evidence for the view that the ticks which fail in 
the laboratory do so for lack- of arrropriate stimuli is the individuals 
which fail to develop survive for very lone. periods. For exa-111ple, 
engorged females have remained healthy and active for as long as 335 
days9 nevertheless they have remained unfruitful. In shortv they are 
in diapaUse. 
5 2. 
Arzamazov (1066)? Cotton and Watts (10,67) and Randolph (10.075 A) 
are the only authors who have essayed an account of the life-cycle 
timing and pattern. The Russian author-considers that in White 
Russia a complete generation requires 3 years and is possibly extended 
at times to 4 years. His account, however, is confined to verbal ' 
statements and provides no quantitative information. Cotton and Watts 
base their account on field evidence of seasonal incidence of the 
parasitic staCes but interpret their evidence somewhat nalvely on the 
basis of the findings of Arthur (1951) on Ixodes hexafrorus. Randolph 
alone has made a serious attempt to model the life-historyp and within 
the premises available to her has produced an acceptable interpretation. 
From the evidence in Midlothian it is clear that our knowledge is 
based wholly on a minority, and that probably aberrant, of the ticks 
examined. 'We know nothing of the tire relations of the diapause 
phenomenon which it is claimed occurs at so many points in the life- 
cycle 'and which apparently af f ects all but the recorded exceptions. 
It is the time-relations of this rroportion which will determine the 
course and duration of the life-cycle in nature and until this section 
of the population has been studied closely attempts to model the 
natural life-cycle are marifestly premature. There seems no reason 
to dissent from Arzamazov's 3 year plus life-cyple except to suggesi 
that his estimate could be minimal. 
The site at Balerno, Midlothian is exceptional among study areas 
reported by earlier workers in that it is situated in comparatively 
open country interrupted by narrow tree (shelter) belts, whereas nearly 
all other workers report on sites in woodland or forest. The Russian 
authors, in particular, regard I. triangn-iliceral as a forest tick. 
Secondly, the rodent fauna in the 1-lidlothian site is restricted to 
three species. Of these C. 71areolus is the dominant host while 
IZ ap, -restis is the least important. The preference of M. agrestiB 
for wetter situations could account for its reduced role since 
Lachmajer (1962) er-phasises the effect of waterlogging in reducing 
tick-porulations. The general concensus is that C. p7lareolus is of 
major importance in most areas. Data on frequency distributions are 
sparse and Randolph (1975 B) alone rrovides information of value for 
comparative purposes, yet her information on the relative roles of the 
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available host species is the most at variance with the rest. Her 
environment is obviously a more complex one than the I. A. idlothian one 
described here, nevertheless a reconciliation between her aata and 
ours remains to be achieved. The comrlex interdependence which she 
describes aprears not to apply to the. Midlothian conditions. 
C. 71areolu-s alone of the three srecies here maintains the instars in 
appropriate numbers and proportions to-qualify it as an independent 
maintenance host. 11oreoverg it alone presents clumped or over- 
dispersed distributions of all instars. On the other two specle s 
randomness is strongly sugSested for nymphs and adults although our 
data are not so unequivocal as those of Randolph appear to be for 
A. sylvaticus. These two speciesq furthermoret present infestations 
where the numbers and proportions of the instars are grossly unbalanced. 
These two lines of evidence imply strongly a qualitatively different 
role as between C. glareolus on one side and the other two species on 
the other. It is difficult to envisage either M. agrestis or 
A. sylvaticus in this area as capable of playing independent roles in 
tick maintenance, and the infestations on these two species must be 
derived at least in part from . 
2. ; rlareolus maintained populations. 
If this deduction be correct then it is a strong possibility that the 
two subsidiary hosts are deleterious in their effects on the general 
success of the tick population. 
The location of the developing stages, as Randolph (1975 A) states, 
is uncertain. She quotes the occasional recovery of ticks from rodent 
burrows and nests by Vysotskaya (1951)t Arthur (1963) and Cotton and 
Watts (1967) and assumes that survival and development are possible 
only below ground in rodent burrows and/or nests. There is no 
evidence to encourage dissent from this view. Cotton and "itatts (1967) 
enter into an inconclusive discussion qn. whether or not . 
1. triargulicers 
is a truly nidicolous species. They adduce mating behaviour as an 
argument but this has been dealt with above. The important feature 
of nidicoly is that it involves detachment from the resting host. if 
this were to occur we should expect quite strict isolation of the 
various population componerts and infestation of each host species to 
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ýoportions of the sequence of instars. present regular numerical p- 
The comr. lex interplay between species such as Randolrh describes would 
appe2r to be most unlikely. The weiqht of evidence favours the 
opinion that the species is anidicolous and detachment is from the 
active host. This is much more likely to provide a basis for Randolyh's 
findirgs. Rodents and shrews are potential invaders of underground 
runways and burrows of other species but are less likely to trespass 
into rests. Survival and development above ground are unlikely in 
Britain, and in the inhospitable high latitude and high altitude 
regions of irainland Eurore are imrossible. 
On these grounds a basis is provided for the difference between 
I lareolus the infestations of the three rodent species in 1-1idlot. ian. C. 'q 
has a fairly restricted home range and its movements are rredominantly 
hypogeal. It consequently provides o timal opportunity for dropping P 
ticks in favourable developmental sites in its homerange burrows and 
in due course the tick has optimal opportunity for host contact. 
M. ap-Testis favours different and usually wetter terrain which in most 
parts of the distribution range is a less suitable environment for the 
tick. A. svlvaticus has the widest home range of all these species 
and it is the most likely of the three to undertake epigeal movements. 
This implies the loss of ticks in wholly unfavourable environments, 
hencev the sugjestion that the subsidiary hosts may play a not wholly 
favourable role in this locality. Overdispersal ong. Plareolus 
samrles results from their being drawn from a population whose components 
each within their burrow system have a closed relationship with their 
own local tick population. The other two srecies which become infested 
at least in part in passage through g. Plareolus burrows sample the 
tick ro-rulation across its local sections hence their infestations 
arproach random frequencies. 
In view of the difficulty encountered in promoting develorment of 
cartured ticks it is inevitable that the original purpose of setting 
up laboratory cultures for virus transmission studies should have been 
frustrated. The experience has highlighted the need for study of 
diapause or delayed development mechanisms in this tick and the factors 
involved in their induction and regulation. 
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Contributions to the epidemiology of Louping-ill. 
Part 2. 




This survey of 1529 cattle is the first to be undertaken in the 
an 9 northern countiesZon 9 of the inner islands on the west coast of 
Scotland to determine the incidence of antiserum to Louring-ill virusy 
(11,11oredun strain 31, (Reid and Doherty, 10,71) ) in this animal. To 
the south in lowland Stirlingshire, 7, 'alton (1967) tested 314 cattle 
and 204 sheep but found no antisera to this virus. Dunn's (1960) 
survey of the red deer (Cervus elanhus) covering herds in the greater 
part of Scotland embraced the whole of the area in this present study. 
In the work described below only the immunoglobin G fraction was 
determined in, the haemagglutination inhibition test. The results, 
therefore, reflect the individual's experience of challenge in the 
long-term. 
Part of the data relating to the isle of Eigg has already been 
published in another context (Blewett et alt 1978) where the same sera 
had beer used as rart of an independent concurrent study of babesiasis 
ir. Scottieh cattle (Blewett and Adam, 1975 A and B, and Adam and Blewett, 
197e)o 
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Materials ard Methods. 
The test sera. 
Sera were obtained through the officers of the Scottish 
Veterinary Investigation Centres from sera collected for the 
Brucellosis eradication scheme. Information relating to the 
specimens was restricted to the donor animal's age, sexv eartag 
number, the date of samplirý, * and the Parish and herd reference 
numbers. 'A condition of supply was that communication with the 
herd owners was not permissible. 
- Specimens received as serum were stored at - 20 
0C from arrival; 
those received as serum on the clot were stored at 50C if they were 
to be used within a weekv otherwise the serum was withdrawn and deep 
frozen. Sera were allowed to thaw-out completely at room temper- 
ature immediately before use. 
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Testin, - of sera for antibody to lou-pirg-ill virus. 
For the haemagglutiration inhibition (HI) test the techniques 
of Clarke and CassIs (1956) were followed; where charges or 
additions h3ve been made these are indicated in the text. 
In preparation for this test, sera underwent a series of 
extraction processes to remove factors which would inhibit 
haemagglutination of goose (Anser cinereus) erythrocytes by Loupire-, 
ill antigen, or would cause agglutination of these cells. In 
addition to Clarke and Casal's (1958) methods it was necessary to 
deactivate the immunoglobin (Ig) M fraction. Along with each group 
of test sera, 2 control sera were prepared: one of known positive 
titre (the positive control), the other known to have zero titre 
(the zero'titre control). 
Preparation of sera. 
A bijou bottle for each serum specimen was charged with 0.8ml 
+rate saline (BS) (Appendix 6) and its cap labelled before 
0.2ml of serum was added. 
Remov2l -of non-specific inhibitors of arbovirus haemagglutiration. 
Following dilution of the serum, 0.1ml of a 25% weight per 
volume suspension of 2cid-w2shed kaolin in BS was added and the 
carped bottle kept at room temperature for 20 minutes with 
occasional shaking. The kaolin with bound inhibitors was 
sedimented by'centrifug-ation at 2500 rpm and 4 OC for 15 minutes, I 
and supernatant decanted into a clean bijou bottle and sealed with 
the labelled cap. 
Removal of naturally occurring agglutinins for goose erythrocytes. 
Supernatant'from kaolin extracted serum was chilled before 
adding 0.1ml of packedp washed goose erythrocytes. After capping 
the contents were allowed to stand for 20 minutes at 40C with the 
occasional shaking after which the erythrocytes with adsorbed 
aggluti/nirs were sedimented by centrifugation at 15GO rr. m' and 40C 
for 10 minutes. 
1. Clarke and Cas2ls (1958) recommend 30 minutes at room temperature 
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Deactivation of Ig 11 fraction. 
ý Agglutinin-free supernatant was loosely capred and the bijou 
bottle placed to half its depth in a large capacity pre-heated 
water-bath and held at 64.5 0C (± 0-500 for 30 minutes. After 
tightenin_P the cars the extracted serum was cooled to 40C, and was 
then, ready for the HI test. This extracted serum was considered 
to be equivalent to a 1: 10 dilution of the serum. 
Haemagglutimation inhibition test. 
HI tests were made in lucita-Platesp 5ý6"x 7-ý"v containing 
80 hemispherical wells of, -ý" diameter arranged in 8 ranks of 10 wells. 4 
Each plate accommodated 2-fold serial dilutions from 1: 10 to 1: 2560 
and serum control for each of 8 sera. 
For each titrationp 0.2ml of borate saline was added to wells 
2 to 9t to be used for serial dilution of the extracted serum, and 
to well 10 for the serum control. 0.2ml of extracted serum was 
then added to wells 1 (1: 10 dilution) and 2 (giving a 1: 20 dilution) 
and the serum control well. Serial 2-fold dilutions were made 
starting from well 2 until 1: 2560 was reached at well 9,0.2ml of 
this last dilution was discarded. At this stagý the serum control 
well. contains 0-4ml of a 1: 20 dilution, and each serial dilution 
well, 0.2ml. 
To each of the serial dilution wells (1-9) was then added 
0.2ml of louping-ill virus antigen diluted with bovine albumin 
(Armour fraction V) in borate saline (BABS) (Appendix 6) at pHq 
to give 4-8 units of haeiragglutinin ; er well. 
Prepared plates were covered with sheets of thin polythene to 
minimise evaporation during overnight incubation at 40C. On the 
following morning the plates were allowed to return to room temper- 
ature before adding to each wellq 0.4m. 1 of washed, standardised 
goose erythrocytes in adjusting diluent (Appendix 6) at pH6. The 
covered plates were then incubated at room temperature for 1 hour* 
Inspection of the test controls (for antieent erythrocytest positive 
ard zero titre sera, (vide infra) ) was then made before the test 
was accepted; and each serum control consulted before individual 
IgM is not deactivated in Clarke and Casals (1958) preparation 
of sera. 
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titres read. - Plates were read from above, against a white back- 
ground. With comrlete agglutination of the erythrocytes (absence 
of antibody) the erythrocytes formed a uniform, thin transluscent 
shield of cells over the submerged surface of the well. In the 
absence of hae=2gglutimation (presence of antibody), erythrocytes 
formed, a-dense ring on a button of cells in the bottom of the well. 
Controls for HI test. 
Serum control. 
Used to detect unwanted haemagglutinins in the test serum if 
the goose erythrocytes settled in a densep well-defined ring or , 
button at the bottom of the well all naturally occurring 
haemagglutinins had been removed in preparing the serum and the 
titre could be read. Failure of this control involved rejection 
of that particular serum extract. 
Positive serum control. 
Serum of known titre (1: 640) was prepared and tested alone 
with the test sera. 'For the titres of the test sera to be accept- 
able the-control had to be free from agglutination in its orn serum 
control and have the correct titration. The particular form taken 
by the sedimented goose cells in the 1: 640 well determined the 
titration and point for the test sera. Failure of this control 
involves rejection of all sera extracted along with it. 
Zero titre serum cortrol. 
Serum of known zero titration was prepared and tested along 
with the test sera. This should show no haeM2gglutination in its 
serum control well, while all serial dilution wells have complete 
agglutination of the goose cells. If these criteria are met, 
inhibitors of agglutination have been reduced to undetectable levels 
during preparation of the test sera. 
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Antigen control. 
To titrate the antigen dilution used in the HI tesý, 0-4ml Of 
BABS was added to wells 1-6 of a rank on an agglutination plate. 
To well one was added 0.4ml of the diluted antigen, this was mixed 
thoroughly with the contents of the well and left to incubate 
overnight with the test sera. Next day a serial 2-fold dilution 
was made from well 1 to 6, and 0.4ml discarded from the last. ()-4ml 
of the goose erythrocyte dilution was added to each well, - and the 
control left to incubate along with the HI test. The first 4 wells 
should have complete agglutination of the goose cells when 4-8 units 
of haemagglutinin per 0.2ml of the antigen dilution are present. 
Failure of the antigen control through incorrect dilution requires 
that the HI test be repeated. 
Goose erythrocyte control. 
0.4ml of BABS was incubated overnight with the El test. Next 
morning, 0.4ml of the goose cell dilution was added. If after the 
1 hour incubation Teriod they formed a clearly defired button of 
cells at the bottom of the well, the reagents were known to be 
agglutinin-free. When more sera were to be tested than cculd be 
allocate 
'd 
the goose cell dilution-in 10 minutes, this control was 
duplicated. Goose cells were added to the first well immediately 
the dilution had been preparedo and to the other when the last test 
well had been treated. This ensured that while being dierensedp 
the erythrocytes had not suffered damage from the relatively low 
pH of the adjusting diluent. 
Antin-en 2nd goose erythrocytes. 
Both the antigen, strain LI 31 (Reid and Dochertyt 1971)t 
and goose erythrocytes (in the form of packed cells for use in the 
extraction of seraq and as cells of stated concentration for use in 





Immediately after use, agglutination rlates were rinsed with 
warm, running water. Following overnight immersion in a dilute 
NaOH solution (Appendix 6) the plates were rinsed in warm. running 
water and immersed for 1 hour in a dilute solution of HC1, 
(Appendix 6 ). After rinsing, the plates were washed for 1 hour 
in warm, running water, then immersed for 1 hour in each of 2 
changes ofdistilled water. Drying was in a warm-air cabinet. 
.1 
P -te tips. ipet 
The polypropylene pipette tiPS"' whether used to dispense 
serum or the test reagents were subjected to the same cleaning 
routine as used for agglutination plates. 
Glassware. 
Bijou bottles were rinsed out with water jets from a bottle 
washer before being thoroughly brushed. After 
* 
rinsing with warm 
running water they were steeped overnight in a detergent solution 
('Pyroneg')ý The bottles were then rinsed at least six times in 
hot water before immersion for 1 hour in hot, running waterl final 
rinsing was in distilled water. The bottles were inverted in wire 
baskets and dried in a hot-air cabinet. 
Other glassware was treated in the same way as the bijoux 
except that immersion in the detergent was limited to 1 hour, 
Bijou bottle caps. 
Before washing, the peelablep self-adhesive labelsy ('Presson') 
were removed taking care to remove all traces of adhesive from the 
metal caps. -The plastic seals were then removed before they and 
the caps were brushed. After immersion in warm detergent solution 
1- Jencon (Scientific) Ltd, Eemel . Hempstead, Hertsv England. 
0 
2. Diversey Ltd Northamptong England. 
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('Pyroneg') for 1 hour they were rinsed and immersed in hot, 
running water for a further 1 hour. A final rinse in two changes 
of distilled water was given to both caps and seals before drying 
in a hot-ai= cabinet. The seals were re-inserted usine forceps 




The most complete set of data is from the Isle of Eigg where 
417 serum samples were taken between 1974 and 1976; 333 (80%) of 
these were positive for antibody to Loupingýill virus (Table 44) -' 
Positive sera are not uniformly distributed throughout the age 
range - (1 to 13 years) , but increase signif icantly in their frequency 
from the 1-4 year age group to the 58 years--bld 20. PAO-005) 
and to'those older than 8 years -27 P40-005). There is no sign- 
if icant dif f erence between the two groups of older animals 0-43, 
P-*0.05)- 
The incidence of positive sera is not uniform over the island. 
Two herds, A (324 sera) and B (93 sera) (Table 45) were sampled; 
herd A has a significantly greater proportion of its sera positive 
107p P<O. CO5). 
Sera with zero titre have distributioýs which differ between the 
herds : only one of 30 in herd A was outside the 1-3 years age group 
whereas in herd B the 54 animals with zero titre cover the whole range 
of ages. Even sop a siEnificantly greater proportion of these sera 
occur in animals less than 5 years old ( 7ý 
t= 14p P-40-005)- In both 
herdst therefore, although proportions varyo the zero titres are 
associated predominantly with the younger animals. 
Positive sera were titrated (and will be quoted as reciprocals 
of titre, i. e. at their end-point of dilution). In herd Av higher 
titration levels were reached (>2560) thari in herd B (maximum 640), 
and the geometric mean titre (GMT) of sera increased more quickly in 
herd A than herd B (Table 45). The increase of titre with age was 
remarkably consistent in both herds over the 3 years they were samrled 
(Table 46). 1 
Buring the 3 years, 110 individuals were sampled-more than once 
(Table 47). The increase in titre with age which was seen in the 
herds applies to individual animals also, The 3 categorieso-namely 
no change, rise and fall of titre, were not randomly distributed 
VV t-6.3, P40-005) but almost the whole of the deviation from random 
(I lies in the unexpectedly low number of declensions 5-5) 
The changes over a2 year period were qualitativelý similar in 
both herds (Table 47) but were too few to test statistically. In 
I 
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TABLE 46 : Geometric Mean titre (GMT) of serum samples from Eiggs 
AGE GROUP 
45 6-8 9 
Serum 
No. of No. of No. of GMT Number reference sera sera sera of 
number GMT tested GITT tested GMT tested sample tested 
Herd A. 1 3101.4 44 126 25 173 42, 80.8 .1 ill 
Herd A. 2 45.2 69 167 le 217 39 81.0 146 
Herd A. ' 3 46.2 38 255 lrý 410 14 107.4 67 
Herd B. 1 0-3 10 . 10 4.6 13 11 10 2.5 42 
Herd B. 2 4.7 31 7 9.5 13 6.6 51 
Total 221 78 lie 417 
TABLE 47 : EiCC sera. Charges in titration levels in anir. 818 




One year period Two year period samplirr 
Date serutý 




H C., 2 
2 2 5 
2 7 3 
cc 24 1C 1C 0 
4-1 
! To chance 31 18 12 12 
5 3 2 





sera C5 30 30 25 
Herd A A A B 
6 -13 
herd A only one animal decreased its titre (by 2 dilutions) whereas 
12-increased and 25 remained unchanged. In herd B, the only c hange 
of more than 1 dilution was in an increase of titre by 11 sera. 
Over the one year period maximum decrease in titre was 3 diluti6ns 
aýd maximum increase 6 dilutions. For the two year period decrease 
was limited to 2 dilutions but increase was by a maximum of 6 dilutions. 
The greatest changes in titre occurred in the younger animals 
(Table 48), over the year changes exceeding 2 dilutions were confined 
to the 1-5 year age group. 
The proportion of rositive animals increased with age in both 
herds. In herd A, 160 of 198 animals of 6 yeats or less were positivel 
whereas for the older animals the'proportion had risen to 134 out of 
135- Similarly in herd B the proportion positive in the same two age 
groUps is 16/55 and 23/38* 
The island of Skye provided 335. sera from 11 herds all of which 
had been exposed to challenge. The proportion of positive sera was 
significartly greater in animals of 7 years and older (0.8) than in 
the younger group (0.6) 18P P40-C05)- Zero titre distribution 
on the island (Table 49) resembles that of herd B on Eigg in its 
srread over the whole age rarge, 
The GUT increases from 17-1 for the group of animals up to 6 
years old, to 54 for animals of 7 or more years. In 3 herds (51P 52 
and 58)(Table 50) all sera were positive. Herd 51 had the highest 
GIT (436) with herd 58 next in rank (GMT - 209). Unlike the herd 
samples from Eigg, GMT does not invariably increase with age; 
certainly it does so in herd 54 where for three age-classes GMT is 
1-09 7.6p 24-ý; but remains stable over the extreme age classes in 
herd 52 (80'. 6 and 84.2)9 and decreases in the largest herd 51 (483t 
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TABLE 50 : Geometric mean titre (GMT) of serum samPles from Skye. 
AGE GROUP 
5 6-8 9 
Serum 
reference 
Wo. of No. of GMT Number 
sera sera sera of 
number GMT tested GMT tested GMT tested sample tested 
51 482.6 22 418.2 13. 368.0 10 436.0 45 
52, '80.6 21 -5 84.2 16 83-4 42 
53 6.7 58 23.0 16 - - 8.8 74 
54 1.0 17 7.6 10 24.3 10 4.9 37 
55 3.0 38 6. i 10 - 6 4-0 54 
56 - 8 7 - 7 77.8 22 
57 22.0 11 -1 - 4 20-5 16 
58 5 -2 - 6 200.3 .0 
13 
59 6 -1 - 6 8.6 13 
510 5' -1 - 4 36-7 10 
511 4 -2 - 3 114-8 9 
Total 195 68 72 335 
a 
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The two southernmost islands in the survey were Gigha and Jura. 
From Gigha, the farthest southo 88 sera from 6 sepgtrate herds covering 
*the Teriod 1973 - 1975 had zero titres for each year. The age range 
of the animals was 2 to 9 years, 
Gigha was the only island of 9 in the Inner Hebrides whichp 
although it has ticks (Txodes ricirus) present, was wholly free of 
positive sera. I 
Jura provided a total of 66 sera from 4 herdso 9 sera with zero 
titre were spread over the whole 2-13 year age ranget (Table 51)- 
A greater proportion of, the sera from older ýnimals (7 years or more) 
was yositive (33/35) than from the younger age group (24/31 sera), 
and in this older group the MTT was higher (125) than it was for the 
younger animals (23). 
. 
The other islands provided sera from single herds only and these 
fall into two groups. Rhum, Colonsay and Oronsayp (38,10 and 15 sera 
resrectively) had positive sera (9,8 and 5 respectively) from a wide 
range of ages, with maximum titres in the middlep range (160-640). In 
the second group are Cann& and Muck. 
On Canra, a herd of 54 animals from 2-13 years old had only 4 
individuals positive, 1 each aged 4 and So and 2 aged 6 years with a 
maximum titre of 40- 
69 sera from Muck were from 2-13 year olds, but all 6 positive 
sera (maximum titre, 60) came from a group of 18 animals, 9 and 10 
years old. This isolated group of sera-positive individuals is con- 
sidered, to reflect their imrortation rather than indicate the presence 
Of infected ticks. on Muck. 
The greater movement of livestock about the mainland will also 
involve the risk of ascribing the disease to areas which'have no such 
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Every'county and islandq bar onep (Gigha) harboured seropositive 
dnimals. The incidence of these animals decreased from the Western 
Isles to Aberdeenshire and Kincardineshire. However there was great 
variation, in the incidence of positive sera within counties, e. g. a 
complete- seronegative herd of 30'animals was found as far west as 
Fort Williamv Inverness-shire and even within this parishq 16 of 23 
67 
animals in 2 other herds were seropositive. Similarly in Glenalmondy 
Perthshire of 3 herds one was completely negative (0/22)v the others 
having 1/18 and 36/39 seropositive individuals, (R&F7) 
Because of the mountainous nature of the western half of the survey 
areap grazing is restricted to isolated areas which often have more in 
common with'the neighbouring county than with their owng e. g. in western 
Ross-shire, Kyle of Lochalsh has an incidence of antibody (40/46) which 
is similar to Glenelgy 10 miles away in Inverness-shire and to neigh- 
bouring Broadford Parish on Skye (20/26); Wnereas-: a herd in Tain 
parish in eastern Ross-shire had only 1 of 43 sera positive. In 
these areas it is more meaningful to use natural. groul: ings rather than 
county boundaries. 
The data available for individual herds was limited by the 
conditions 
ýpertaining 
to the supply of the sera and is a severe 
constraint on interpreting the results. Howeverp certain assumptions 
can be made. Movement of cattle is considerably easier and of greater 
volume from region to region on the mainland than to and between the 
islands. The few seropositive individuals (4t 6,8 and 10 years old) 
in Aberdeenshire and Kincardireshire (Table 44) cannot be presuted 
indicative of transmission in the herds and are assumed to have been 
bred and challenged elsewhere. 
In the apparently transitional county of Nairn, herds fall into 
two classes, the majority (. 12. ) below 6ý,. incidence of positive sera 
and two only with greater 
Pr4 
ence (25P/f and 10Qý)both of which are in 
Glenfernies. 
In both herds on Eigg the incidence of infected animals increases 
with age but this is rot linear, There is a significantAncrease in 
incidence from the 1-4 year age group to the 5-8 and 9-13 year groups; 
t 
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the rise between the two older groups is not significant. This is 
the form of increase expected with a constant rate of infection and 
this can be calculated for each age group according to the relationship 
1-6-ýý Nuench, 1,059) where Y- is the proportion positive at time t 
and K is the rate of infection. 
Only herd A is large enough to allow 6 to be calculated for each 
age (Table 52) but to delay the appearance of the 1OWo ificidence level 
a hieher threshold (titre - 80) for sera to be considered positive has 
been used. 
Rearranging the equation gives the infection rate ýv - t 
The, mean h. Ah = 0.12 where n- the number of age classes. There n 
is no significant difference between the observed distribution of Xtý 
and that calculated when k-0.12 (V - 2.27t P. -O-995)- For comrarison 
t 
with herd A, the infection rate for Skye is 0.1 (Xm2.14Y P.! *0-995) 
and for the mainland parish of Roybridge in south west Inverness-shire 
is 0.06 ( %ý . 2.26, PPO-995). ,I 
MIT increases with age in both the herds on Eigg but to'a greater 
degree in herd A. The difference is probably ; elated to differences 
in challenge levels. Although the infection rate could not be cal- 
culated for herd B by the same process used for At a lower rate is 
implicit in its lower proportion of seropositive individuals. On 
Skye and Jura CWT also increases with age but Skye lacks the consistent 
increases in individual herd samples such as those in herd A on Eigg. 
This apparent inconsistency is considered to reflect the movement of 
cattle about the country which results in mixed herds where age is no 
indication of previous challenge. Samples from Jura were too small for 
calculation to be meaningful, but in mainland Inverness-shire the GMT 
of a herd at Arisaig rises from 3-4 (1-5 year old group) to 588 (9years 
and older) and demonstrates that the increase of GMT with age is not 
Peculiar to Eigg. 
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The incidence of infected individuals in herd A on EigZ can be 
explained on the basis of a constant challenge rate of 0.12 over a 
period of 13 years. Antibody levels continue to rise with no apparent 
limiting value being reached. This is in marked contrast to the levels 
of babýiial antibody measured in these same individuals (Blewett and 
Adam 1978 B) which after an initial rise dropped to a, lower level and 
remained thus from the 4th year onwards in face of continued challenges 
These data add further to the value al=eady stressed in Blewett 
and Adam of age and incidence patterns in serological surveys. The 
feature relating to Louping-ill antibody which is in marked contrast 
to baberial antibody is that decline in titre with age appears not to 
charapterise Louping-ill and this is particularly significant since 
the sera described here are the same sera on which Blewett and Adam 
(1978 A and B) reached their conclusions via a via BabeBia. 
". r- 
This survey is the outcome of a unique opportunity to handle large 
quantities of cattle sera. 'While it throws consideraole light on the 
epidemiolog#al patterns of Louping-ill in Northern Scotlandq it has to . 
be emphasised that serological surveys provide no information on the 
". I ý- role of the animals studied in the natural maintenance and cycling of 
the virus since this depends upon the levels of viraemia production in 
'the animals and the susceptibility to infection (infection threshold) 
of the tick vectors. 
sulmaxy 
, 1. The tick Ixodes trianguliceps Birula, 1895, was collected from 
three species of small manmal: Clethrionomys glareolusg 
Microtus agrestis and Apodemus s)avaticus from three localities 
in Scotland. I., trianguliceps was the only tick recovered in 
Midlothian and was most abundant at Bale=o. In Argyllg Ixodes 
ricinus was the predominant species; 1. trianguliceps was only 
rarely found. 
2. The main trapping area was Balerno, where regular collections 
were made from July 1974 to August 1976. Of the three hosts 
C. glareolus has the gTeatest frequency of parasitised hosts and 
the heaviest burdens and a greater proportion of male than female 
C. glareolus were paresitised with larvae and nymphs. The 
proportions were equal in M. agrestis and A. sylvaticus. 
Lar7ae infest the hosts throughout the year. Burdens axe maximal 
in June and minlynal in Julyq and a second, much lowerv peak of 
activity is reached in October. Nymphal infestation is 
restricted to spring to autumn with a single peak in June, while 
female infestation lasts from early spring until autumnq with 
infestation greatest in auturnn. 
The ear pinna, is the area of the body most heavily infested by 
I. 
larvae and nymphst. particularly the inner surface with voles 
and the onter surface with the monse. 
Larvae are overdistributed on all three host species. Nymphap 
and females also, are overdistributed on C. glareolils. 
Larvae have a pre-feeding diapa-use while attached to hosts in 
winter and may remain thus from December until February. 
Larvae. engorge more quickly on the voles than on the mouse. 
1 
Only 9% of field capturedt engorged larvae develop in the 
laboratory but a greater proportion of engorged larvae develop 
at 23 0 and 250C at 
ýaturated 
vapour pressure than at lower 
temperatures. A greater proportion of larvae which fed in 
January to June developed than when feeding was between July 
and December. A pre-developmental diapause which laboratory 
conditions cannot overcome is proposed for all thmee-G4udlee. 
Nevertheless, in the minority with direct development in 
laboratory conditions (i. e. without manifest diapause delays), 
the relationship between incubation temperature and developmental 
velocity is lineax and direct. 
I nytLr In a survey of cattle in the northern counties and mimoD islands 
of the west coast of Sootlandq 4529 sera were tested for 
immunoglobin (IgG) to Tiouping-ill using antigen derived from 
Louping-ill strain 31 (supplied by the Moredun Research 
Instituteg Edinburgh). The broadfindings are: 
The incidence of antisera in the herds 
&Sreases 
from 
west to east. 
. (b) In a stable he'rd structure there is a significant, steady 
increase in antibody with increasing age. 
It is-suggested that cattle axe useful indicators of 
Louping-ill, but their role in Louping-ill maintenance 
remains an unknown factor. 
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APP'-, I)IX 51 Comrarison of distribution of infestation 
levels published by Randolrh (1975 B) 
with Poisson distributions. 
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Borate-saline, pH 9-0 (BS): 
80 ml 1-5M NaCl 
100 ml 0: 5M H3BO3 
24 ml 1 OM NaOH 
To one litre with water. 
. 
Bovalbumin borate saline pH 9-0 (BABS): 





To I litre with water (distilled) 
Plate cleaning solutions. 
Acid wash: 
90 ml conc. ECI in 4-5 litres of water. (distilled). 
Alkali wash: 
90 ml M NaCH in 4*5 litres of water (distilled), 
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